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L'activation  par  voie  oxydative  de  dérivés  phénoliques  contenant  une  chaine  latérale 
insaturée avec un  réactif d'iode hypervalent permet la  formation de produits bicycliques et 
tricycliques via l'intermédiaire d'un  processus de cyclisation cationique en  cascade. Il  s'agit 
d'un procédé efficace permettant, en une seule étape de synthèse, de construire le  squelette 
principal de  plusieurs produits naturels avec un  stéréocontrole total, régi  par les  interactions 
de contrainte 1,3 allyliques et par la configuration des doubles liaisons des chaînes latérales. 
Une application de cette nouvelle méthodologie pour la synthèse du  squelette de la  famille 
des  kauranes a été réalisée énantiosélectivement, en  une seule étape, via  la  déaromatisation 
d'un phénol élaboré. De plus, une version oxydative de la  réaction de Polonovski classique 
permet avec l'aide d'un iode hypervalent, de transformer une amine benzylique en aldéhyde 
chimiosélectivement. 
Mot-clés : Déaromatisation 1 Iode hypervalent 1 Phénol 1 Prins 1 Polonovski 1 Produit naturel 1 
Polycyclisation 1 Umpolung 1 ABSTRACT 
Oxidative  activation  of phenol  derivatives  contammg an  unsaturated  lateral  chain  in  the 
presence of a  hypervalent  iodine  reagent  promotes the  formation  of bicyclic and  tricyclic 
products via a  cationic cascade  process. The method allows efficient one-step synthesis of 
scaffolds present in  severa! natural products and occurs with total stereocontrol, governed by 
1,3  ally lie  strain  interactions and  by the configuration of the side chain double bonds.  An 
application  of this  new  methodology,  of the  main  tetracyclic  core  of a  large  class  of 
compounds belonging to the kaurane family has been enantioselectively synthesized in  one 
step  from  an  elaborated  phenol  derivative  involving  an  oxidative  polycyclization-pinacol 
tandem  process.  ln  addition,  a  chemoselective  and  environmentally  benign  oxidation  of 
benzylic  amines  into  aldehydes  mediated  by  a  hypervalent  iodine  reagent  has  also  been 
developed. 
Keywords  :  Dearomatization  1  hypervalent  iodine  1  Natural  product  1  Phenol  1 
Polonovski 1 Prins 1 Polycyclization 1 Umpolung 1 INTRODUCTION 
Biosynthèse des terpènes 
Un très grand nombre de produits naturels possèdent une structure polycyclique, tels que les 
terpènes,  largement représentés dans le  milieu  végétal.  Ces  structures  représentent un  défi 
synthétique de taille, compte tenu de leur assemblage compact, comportant plusieurs centres 
quaternaires  stéréogéniques.  Dans  la  nature,  la  biosynthèse  des  terpènes  a  lieu  dans  les 
cellules.'  Plus particulièrement dans  le  cytosol  pour les  sesquiterpènes et dans les  plastides 
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Schéma 0.1  Compartimentation de la biosynthèse de différents terpènes composant 
l'oléorésine
1 
La biosynthèse des terpènes débute par la formation de l'acide mévalonique, précurseurs des 
isoprènes qui sont à la base du  squelette terpénique. L'acide mévalonique est obtenu par une 
condensation  de  type  Claisen  de  deux  unités  d'acétyle  CoA,  suivi  d'une  condensation 
cétolique d'une autre unité d'acétyle CoA sur l'acétoacétyle CoA, pour finalement subir une 
réduction avec NADH et une hydratation.'  Une fois l'acide mévalonique obtenu, il subit une 
phosphorylation  par  1  'action  de  trois  molécules  d'A  TP  et  une  décarboxylation.  Les 
précurseurs  engendrés  soient  le  3-3,  diméthylallyle  pyrophosphate  (DMAPP)  et  le  3-2 
isopentényle pyrophosphate (IPP) (voir Schéma 2) sont à la base de presque tous les terpènes 
connus.
1 
Schéma 0.2  Précurseurs biosynthétiques; I'IPP et le DMAPP 
Ces précurseurs biosynthétiques offrent par la  suite plusieurs options, dont le couplage d'une 
molécule de DMAPP et une d'IPP qui forme  le  géranyle pyrophosphate.
1 Cet intermédiaire 
permet  de  produire  une  multitude  de  dérivés  terpéniques,  tels  que  le  géranylgéranyl 
pyrophosphate (GGPP) (voir Schéma 3) qui permet la  biosynthèse de nombreux diterpènes, 
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Polycyclisation enzymatique pour la formation des kauranes
24 3 
Synthèses biomimétiques 
Les  synthèses biomimétiques tentent de reproduire artificiellement en  laboratoire ce qui  se 
produit dans les systèmes biologiques.  Un  exemple flagrant est la polycyclisation cationique 
qui trouve ses sources dans les cascades enzymatiques, lors de la formation des terpènes. Un 
exemple intéressant est celui de Johnson et a/.
2 pour la synthèse du  Il a-méthylprogestérone 
2 (voir Schéma 4). 
Il 
TFAITFE 
42 h 129-35% 
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Schéma 0.4  Polycyclisation cationique
2 
Cette  classe  de  polycyclisation  cationique  permettant  de  former  rapidement  et 
diastéréosélectivement  des  squelettes  polycondensés,  suscite  toujours  la  curiosité  de  la 
communauté  scientifique.  L'intérêt  du  laboratoire  Canesi  à  la  déaromatisation  par  voie 
oxydative  de  composés  aromatiques  riches  en  électrons,  via  l'addition  de  nucléophiles 
carbonés,
3  permet  de  se  questionner  sur  la  possibilité  d'étendre  ce  principe  à  une 
polycyclisation  oxydative  cationique,  déclenchée  par  une  activation  oxydante  de  type 
umpolung. 
Umpolung classique 
Le principe d'umpolung a d'abord été répertorié par Corey et Seebach
4 au courant des années 
70. Il  repose sur l'inversion de la polarité naturelle d'une fonction et modifie sa réactivité (un 
nucléophile est transformé en  électrophile et vice et versa).  Le carbonyle 3 (voir Schéma 5) 
normalement électrophile subit  une  réaction  de  protection  avec  le  1  ,3-dithiol  4  suivi  d'un 
traitement basique pour déprotoner l'hydrogène devenu «acide» dans 5 et former ainsi  un 4 
anion acylium  6, qui  réagit désormais comme nucléophile, une déprotection subséquente de 
l'activant umpolung (groupement dithiane) conduit à la  cétone 8. 
4 
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Schéma 0.5  Principe d'umpolung de Corey et Seebach 
Umpolung aromatique 




19  et  les  dérivés  d'anilines-sulfonamides/
0  est  aussi  possible.  En  réactivité 




17  permet de transformer ces espèces en  électrophiles par l'emploi d'un  réactif à 
base d'iode hypervalent 10 (voir Schéma 6), selon un  mécanisme de transfert d'électrons. Le 
phénol 9 réagit avec le  diacétoxyiodobenzène 10 pour former un  radical  phénol 11, l'espèce 
12  et une  molécule d'acide acétique.  Le  second échange d'électron permet de générer de 
l'iodobenzène 14, une  seconde molécule d'acide acétique ainsi  que  l'ion  phénoxonium 15 
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Schéma 0.6  Mécanisme radicalaire de l'umpolung aromatique 5 
Le  professeur Kita est  un  des pionniers qui  a démontré  la  faisabilité  de telles réactions de 
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Schéma 0.7  Addition de méthanol sur un phénol riche en électrons 
L'ion phénoxonium 18 a besoin d'être stabilisé lors de la réaction pour lui permettre de réagir 
avec  le  nucléophile désiré.  Pour ce faire,  l'utilisation  d'un  solvant protique est nécessaire. 
Puisque ces solvants sont généralement eux-mêmes nucléophiles, tel  que le  méthanol,  il  est 
nécessaire d'utiliser un  autre  type de solvant  lorsque  la  réaction  avec  le  solvant n'est pas 













en tant que solvant pratique non  nucléophile et permet une  stabilisation adéquate de  l'ion 
phénoxonium 18. 
Réaction de Prins 
Les  travaux  précédents  du  laboratoire
3  ont  démontré  la  possibilité  de  capter  l'ion 
phénoxonium par un  nucléophile carboné, un dérivé de la réaction de Prins classique étendue 
aux ions phénoxonium plutôt qu'oxoniums.
22  Dans sa version originale, la réaction de Prins
22 
est induite en milieu  acide et comporte l'addition d'un alcène 22  (voir Schéma 8)  ou d'un 
alcyne sur un  ion oxonium 21, suivi  d'une capture nucléophilique ou d'une élimination d'un 
proton. Dans sa version oxydative,
3  l'ion phénoxonium 25 est généré par une activation du 
phénol  par  un  iode  hypervalent,  suivie  par  l'addition  d'un  alcène  ou  d'un  alcyne 
intramoléculaire 25, formant ainsi un mélange de produits par élimination d'un  proton ou par 
l'addition d'un nucléophile externe 26. 6 
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Schéma 0.8  Réaction de Prins classique versus Prins oxydative 
Pour éviter d'obtenir un  mélange de produits,  Overman  et a/.
23  ont proposé  un  processus 
tandem  de  Prins-Pinacol  (voir  Schéma  9)  qui  permet,  suite  à  la  Prins,  d'effectuer  un 
réarrangement pinacolique successif, évitant ainsi l'élimination d'un hydrogène ou la capture 
du carbocation par un nucléophile externe. 
Schéma 0.9 
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Réaction de Prins-Pinacol 
Toutefois, une méthode simple  suggère l'utilisation d'un alcyne
3 27 (voir Schéma 1  0) pour la 
capture de  l'espèce électrophile 28.  Lors de  l'addition de Prins intramoléculaire,  l'espèce 
életrophilique  générée  possède  une  géométrie  sp  dans  un  état  de  transition  demi-chaise 
excessivement  tendu.  La  tension  de  cycle  du  carbocation  28  ne  permet  alors  aucune 7 
élimination d'hydrogène. Ainsi  uniquement  l'addition d'un nucléophile externe est permise 
pour générer le composé spirocyclique 29. 
Schéma 0.10  Prins oxydative avec un alcyne terminal
3 (Figure 3) 
Polonovski et Polonovski-Poitier 
La  réaction  de  Polonovski
26
-
27  permet  de  transformer  un  groupement N-Oxyde tertiaire 30 
(voir  Schéma  Il)  en  aldéhyde  à  partir  de  l'addition  de  ce  dernier  sur  l'anhydride 
acétique 31.  Il  y a alors formation d'un iminium qui est suivie d'une addition de l'acétate 33, 
libéré  à  partir  de  l'anhydride  acétique.  Un  réarrangement  intramoléculaire  (ou 
intermoléculaire)  produit  alors  l'acétamide  35  et  l'aldéhyde  34  correspondant.  Une 
modification  à  la  réaction  de  Polonovski
26  faite  par  Potier/
7
-
29  consiste  à  remplacer 
l'anhydride  acétique  par  l'anhydrique  trifluoroacétique  37  pour  obtenir  des  conditions 
réactionnelles ne nécessitant pas de chauffage du fait de  la réactivité accrue de l'anhydride 37 
utilisé. De  plus,  le manque de  réactivité de  l'ion trifluoro-acétate libéré conduit plutôt à une 
énamine apte de réagir à nouveau avec un second équivalent de TFAA produisant 41. 8 
Polonovksi 
0  0  0 
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Schéma 0.11  Réaction de Polonovski et Polonovski-Potier 
L'intérêt du  laboratoire Canesi dans l'utilisation  de  l'iode  hypervalent permet de  suggérer 
qu'un intermédiaire de  type Polonovksi pourrait être généré in  situ, sans l'utilisation d'une 
amine activée de type N-oxyde, pour générer l'aldéhyde correspondant. 
Iodes hypervalents 
L'iode est généralement monovalent et présente un  degré d'oxydation de -1.  Toutefois, des 
dérivés d'iodes à degré d'oxydation supérieur (Ill, rv  et VII) sont connus et portent le  nom 
d'iodes hypervalents ou iodanes. Leurs utilisations sont en plein essor avec le développement 
de  la  chimie verte,  puisque  les  réactifs  organiques  à  base  d'iode hypervalents  présentent 
l'avantage  d'être  inodores,  facile  à  manipul  r  (solides),  non  toxiques  et  peu  coûteux  par 
comparaison avec les métaux lourds ayant des propriétés chimiques similaires. Parmi les plus 
connus des iodes (III)  pour  la  déaromatisation  des  phénols,  notons  le  DIB,  le  PIDA  et  le 
réactif de Koser (voir Schéma 12). 9 
0  0 
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Schéma 0.12  Iodes hypervalents (Ill) 
Le  contre  ion  associé  à  l'iode hypervalent (III)  influence  sur  son  choix,  pu1sque  l'acide 
tritluoroacétique  relâché  par  le  PIFA  n'est  pas  compatible  avec  les  produits  sensibles, 
comparativement à l'acide acétique beaucoup moins acide relâché par le  DIB. Ce dernier est 
donc moins réactif, mais plus doux comparativement au PIF A et au réactif de Koser. 
Objectifs 
La structure polycyclique des terpènes représente un défi synthétique de taille compte tenu du 
squelette polycondensé et des nombreux centres stéréogéniques.  Les travaux précédents du 
laboratoire
3  de  la  réaction  de  type  Prins  oxydative  (Schéma  12),  représentent  une  suite 
logique  pour  le  développement  d'une  nouvelle  réaction  de  polycyclisation  oxydative.  Le 
concept d'umpolung aromatique permettrait la  formation, en  une  seule étape, de squelettes 
complexes avec la stéréochimie désirée y étant rattachée. 
A(1 ,3)  .---
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Schéma 0.13  Formation de systèmes spirocycliques ou de type décalines 10 
Un  intérêt  supplémentaire  porte  sur le  développement d'une réaction de  type  Polonovski, 
généré avec un  réactif d'iode hypervalent, sans l'utilisation d'une amine activée de type N-
oxyde. CHAPITRE 1. 
POLYCYSLISATION OXYDATIVE ET STÉRÉOSÉLECTIVE PAR UN RÉACTIF 
D'IODE HYPERVALENT 
1.1  INFORMA  TI ONS SUPPLÉMENT  AIRES 
30 
L'article  issu de ces résultats est présenté à l'Annexe 1 et les informations supplémentaires de cet 
article, incluant les  procédures expérimentales et les caractérisations de chaque nouveau produit, 
sont présentées à l'Annexe 2. CHAPITRE Il. 
SYNTHÈSE ASYMÉTRIQUE DU SQUELETTE PRINCIPAL DE LA FAMILLE DES 
KAURANES RÉALISÉE PAR UN PROCESSUS OXYDA  TIF TANDEM DE 
POL  YCYUSA  TION-PINACOL 
2.1  INFORMA  TI ONS SUPPLÉMENTAIRES 
L'article issu de ces résultats est présenté à l'Annexe 3 et les  informations supplémentaires de cet 
article,  incluant  les  procédures  expérimentales  et  les  caractérisations  de  chaque  nouveau 
produit, sont présentées à l'Annexe 4. 
2.2 PERSPECTIVE ET TRAVAUX FUTURS 
Afin  d'être  en  mesure  de  finaliser  une  synthèse  totale  d'un  dérivé  des  kauranes, 
l'intermédiaire  polycyclique  48  (voir  Schéma  14)  obtenu,  pourrait  subir  des 
déshydrogénations sélectives avec du palladium  sur charbon  pour conduire au  produit 49. 
Dans cette stratégie,  le brome le  plus encombré et la double liaison tétrasubstituée devraient 
être les plus difficiles à réduire.  Par la suite, l'ajout d'un hydrure encombré
32  permettrait de 
réduire sélectivement la  fonction  aldéhyde en  l'alcool  correspondant 50, sans toucher à  la 
fonction  cétone,  puis  une  méthylation  de  Stille
33  pourrait  mener  à  51.  Une  élimination 
subséquente  de  la  fonction  alcool  via  le  réactif de  Burg ss  pou  ait  conduire  à  l'alcène 
exocyclique
34  52.  La  synthèse serait finalement conclue par une  méthylation  réductrice de 
Birch,
35  pour obtenir un produit naturel de la famille des kauranes, le kaur-16-en-3-one 53. 48 
53 
Schéma 2.1 






Perspective de synthèse totale pour le kaur-16-en-3-one 
13 CHAPITRE Ill. 
OXYDATION DOUCE D'AMINES BENZILIQUES EN ALDÉHYDES PAR UN 
PROCÉDÉ OXYDA  TIF DE TYPE POLONOVSKI 
3.1 INFORMATIONS SUPPLÉMENTAIRES 
31 
L'article  issu de ces résultats est présenté à l'Annexe 5 et les informations supplémentaires de cet 
article, incluant les procédures expérimentales et les caractérisations de chaque nouveau produit, 
sont présentées à l'Annexe 6. CONCLUSION 
En conclusion, une nouvelle réaction de polycyclisation oxydative, sans utiliser de métaux, a 
été développée avec  succès.  Ce nouveau  processus permet d'obtenir pour l'instant jusqu'à 
quatre  cycles  condensés  avec  un  stéréocontrôle  total.  Cette  méthode  introduit 
diastéréosélectivement plusieurs centres stéréogéniques en une seule étape, gouvernés par les 
interactions de contraintes 1,3 allyliques créées par la position méta benzylique (vis-à-vis de 
l'hydroxyle) ainsi que suivant la  configuration de  la double liaison contenue dans la chaîne 
latérale.  Une  application  de  la  méthodologie en synthèse a  permis de générer le  squelette 
tétracyclique d'une grande classe de composé appartenant à la famille des kauranes. L'étape 
clé est basée sur un  processus tandem de polycyclisation-pinacol induit par un  réactif d'iode 
hypervalent,  peu  coûteux  et  respectueux  de  l'environnement.  Cette  première  application 
démontre  l'utilité  du  concept  "d'umpolung aromatique".  Toutefois,  une  application  plus 
avancée en synthèse totale pourra être réalisée à partir du  squelette asymétrique développé 
pour obtenir un  produit naturel, le kaur-16-en-3-one. 
Une application supplémentaire de l'iode hypervalent à une réaction connue de  Polonovski a 
permis d'obtenir un aldéhyde à partir d'une amine tertiaire, sans l'utilisation d'amine activée 
de type N-oxyde, comme proposé en réactivité classique. 16 
ANNEXE A 
«A STEREOSELECTIVE OXIDATIVE POL  YCYCLIZATION PROCESS MEDIATED 
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Activation of p'henol derivatives wüh a hypettta'lent iodine - rea9ent 1 promotes  the fa mation of . tJicyelic e.nd tricyclic  1products  via a cationic 
cycli:mtion process. The  method allows efficie:nt ono.stcp  syntheses of !!Cllllolds ,present in severa! mrtural .Products and  occ-u~  IVith  total 
slereot:orlt• rol, govemed by 1,3  allyie~trai n interactions and lly the configuration of the sidc chain doublc• bonds. 
Tlw lLSI! of  CJ:!Üonic polycyd izalio~  -of polyunsa  lurat~ù 
c.umpounds in biomimeticsynthe:w>; allowsrapid au:El<> to 
c{lmpt.x < trchitel:lU rtl:S  with e, ~<:Eik n t  di J.~SteTGOsdœlivi t y. 
Th~  tïr$1  reUlllr lw lill! e.X<lmples  .:an ~  attributcd Lo.lohns< m 
cl al. fiJr the $ynlhCSEs o f  !croi<h in 1976/ b.o;wvcr  ucb 
stnnegies a ré still undcr intern1ve  i llVI!stigatiun .~ O ur own 
inter..;! in oxidativc dearomatization uf  ek!CIBJO·ricb ar<.>· 
matie$  involving  carbon·baslld  ·nud lle)philtl:S
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q~tion wlwther an  oxidativc  cationic  pol)\:)l:lization 
c<Ould  be  lriggcred  by activation of" phenol.  Allbough 
elcctmo.ri h aromalic cornpounds  ~ u ·h  u.;  pb., n ol~ and 
lh·ir ®r i ~'ll lives  oorm~lll y reH <:I as  nudGOphilc:;, oxidative 
activa lion">  can  tran. ~ lo rrn thesc  '<lmpouuds inlo hi •hly 
reactive elu:t rop hilic ~ -pecies~uc h a.' .2. Th~ ~ phenoxm1ium 
ion" 1 oould lx:  io tEr~ <epled in  an  intrunw k:cular fu ·bion 
by  appropria J.C  carbon·bUSI!d  nudcophile,  such  a.'  ;z 
bonds, thu.'  ioitiating a di'  te ru-o~elœ t i ~·c pol)l:yc liz.ation 
le-d  ding lo tri ycli  ore 3. This phenol re~·er• · •l of rt<td i~i ty 
may be  thought of a · involving un "aromalic ring umpo-
lung".  he oxidatiw  prœes.s  ~-ould rapidly generale  th· 
core  of  :;,veral  nalural  pmducb  :<uch  a~  the  bum<m 
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Figure 1. Oxidative calionic polycyclizaüon cascade. 
An indication of how  the  neœ~;Sary phenol acti~·aticm 
can be efficiently achieved isapparenl in the work of K.ila,  l!. 
who demonstrated ihat phen.ok· react under the inlluenœ of 
h)lplo'TVal"nt iodine reag<:nts
9 .such a.s (diacdoxyiodo)  belll!i!ne 
(DIB),  an  •nvironmen!ally  benign  and ine.»pensive  r 
ag<:nl. Thi.$  reaction is be.st p11rfi;!rmed in  ·olve:ntssuch as 
hexanuoroisopropanol  (HFrP).1f  ln  our fir;;t :study,  an 
oxidativt:  vieinal  fu.sed  curbocyd"  formation  wa.s  per· 
formed  \\Ïth a  terminal alk  ne on a  laierai chain al the 
mew-po:rition relative to the phenol group fl.  During the 
umpolung activation, we  Sp!!CU!aw  thal a  strained  hait:. 
chair intermediate 8 wa ;; generated whi.::h ~trong~y favored 
nudeophile  capture,  le<tcling  to  the  unsatumted  decalin 
systt'IJ1 9, Scht:me  1. 
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The :;!Tain crealed by the transient sp-hybridi:llld carbo-
nium  ion in  peci  · 8  r<."iulted  in  the imermediate  bcing 
higbly electrophih and enablcd it Lo rea ct with the weakly 
reactive nucll>opbil  HF!IP.
8
f  normaU y  usccl  a · an  inert 
soh-ent.  Thi~ rea  lion proouccd the highly funclionaliu.>d 
bicydic system 9 containingu quaternary carbon center, a 
dienone  fundionality,  and  an enol  th •r  ~  a  mas ·cd 
c.arbonyl. ln order todetermine the SL'Upe and limitation:> 
of thi:;  new lransïorrnatioo, substituenls werc imroduccd 
on the lateral chain, on the aromalic ring, tmd at the para 
position to pn.xlULV  the elaborah.>d  bicyclic c·orc · 11.  ln 
addition, the oewproc · ·  .:an dftdenlly afford  t hl~ tri  y li 
cori! U h in excdlent yield from a simple letraloo.e deriva· 
live  tOh, Table 1. 
T.•ble t. Ox.idati e  flicycl lza tio~t Proœ..s 
~~~(. 
r~c  ......... .cr.:. 
l'r·I(Ok~.·  OWR,. 
UFIP  r1 
W  R  ~'"m  1'  0 
10  11  ~ ·  A:, 
entry  R'  n•  R'  n•  R'IR''  yield (%) 
..  n  H  llfe  H  1\:i 
b  Dr  Dr  Me  H  Btl  .,  H  H  !Ife  Me  tn:u:s  50 
d  H  Dr  Me  Me  t-rans  70 
Dr  Dr  Et  li 
f  Dr  Br  Dn  ll  86 
g  Dr  Dr  ...  Pr  H  7l) 
h  Br  Br  ll,C- 0 1 0- CH,  cil<  HO 
This bicydization rouction pmduœd vicinal  fu-.ed car-
bocycle  in  ""'~'Y good yi<llds. How11wr, th' oxidation of 
compoun<h containing open ort/w-po-ilions (•mtriGS  tUa 
and Hic) O<:~urrud  in low11r yi ldscompared to the di bromo 
analq~.  Thi~  may beexplaineù byconsid ring that the li~ t 
intermediatll  i.s  a highly delocalited carbonium ion, which 
can be repre · mtcd  by 7 (S  b •me l, R  =  Br) a ·on  of ils 
re  onancc structur  ·. We be lieve !hat bo:cal.bll .of th<:  pr 
~n{'C! of the el  c:tron-withdrawing bromine atoml>, 7 i> the 
mol'l:  dominant  resonanœ  fi?rm  ratht:r  than  the  ortho 
rn  ·omer. ConSEquently  the cyclization occurs  mainly at 
3.tll7 
18 the desiredpara·position when bromin •sare prolt'Cling the 
onha·position.s. An added adv:mtage is thal the bromine 
utoms  coufd  be  used  subsequcntly  to  intmduœ  others 
substitutents,  using tr..tosition metal  chemi:;.try.  F"nrlher-
more en tries 1  Oc and lOd (R
4  =  1e) k.od  ·xc lu. ~ i vely to the 
iran.v  diastereo~ · omer.
10 This  stereoselt-ctivity  could  be 
exptained by the roquired minimal 1,3 allylic  strain inter· 
aL i.  ions belween !he Iwo methyl groups during the lraru;i-
tion  ·tate!  7 (SCherne  1,  R
2  =  e). Thcse observation· 
dcmoostrate the high dit~. ~tcreOMl lœtivily of thi · new pro· 
cess aod  ·ould have applil'ations in asymmelric  ;ynth  ·is 
governed by thenrt•/a first  teJ"eOgenic benz.iliccenter.Such 
scaffolds are present in numeral nalural products .·uch as 
>~nominine
11 l2,undrogmpholidc
1 2 D, or loo decafin e<~re 
of  :tZadirachtin
13 14, Figure 2. 
1l  .,  14 
cOtn:üulng a.decaliu  co~ . 
The  requirud  Lartiog  materials  1 ver•  nbLainoo  from 
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1. General information and materials 
Unless otherwise  indicated, 
1H and 
13C  NMR spectra were  recorded  at 300 and  75  MHz, 
respectively,  in  CDCI3  solutions.  Chemical  shifts  are  reported  in  ppm  on  the  8  scale. 
Multiplicities are  described  as s  (singlet),  d  (doublet),  dd,  ddd,  etc.  (doublet of doublets, 
doublet of doublets of doublets, etc.), t (triplet), q (quartet), p (pentuplet), rn  (multiplet), and 
further qualified as app (apparent) br (broad) c (complex). Coupling constants, J, are reported 
in  Hz.  IR spectra (cm-1) were recorded from thin films.  Mass spectra (m/e) were measured 
in the electrospray (ESI) mode. 
II. Experimental procedures 
11.1. General procedure for the oxidative cyclisation process: 
A  solution of Phi(OAc)2 ("DIB",  38  mg,  0.11  mmol,  1.1 equiv.)  in  (CF3) 2CHOH 
("HFIP",  1 mL) was added over 5  seconds to a  vigorously stirred solution of phenol (0.1 
mmol,  1 equiv.)  in  3 mL of HFIP at room temperature. After addition of DIB, the solution 
was  stirred  for  2  min,  quenched  with  0.3  mL  of acetone,  filtered  directly  over  silicagel 
(EtOAc) and the filtrate was concentrated under reduced pressure. The residue was purified 
by  silica  gel  chromatography  with  a  mixture  of  ethyl  acetate/hexane  to  afford  the 
corresponding dienone. NB: A further  treatment  of the resulting enol-ether  with  mCPBA 
generales  a  hydroxy-ketone functionality  in  good yield.  This  reaction  is  less  efficient  in 
presence ojTrifluoroethanol (TFE); indeed a direct attack on the phenoxonium ion has been 
observed in such conditions. 24 
11.2. Analytical data: 
Compound lla:  0.076mmol, 24.8 mg, 43% yield. IR u (em-1 ) 2935,  1661, 1615,  1404; 
1H 
Br 
o  NMR (300 MHz, CDCI3) o  6.79 (d, J = 9.8 Hz,  1  H), 6.22 (d, J = 9.9  Hz, 
1  H), 6.14 (s, 1  H), 4.92 (s, 1  H), 4.66 (hept., J = 5.7 Hz,  1  H), 2.98-2.79 (rn, 
1  H), 2.63-2.41  (e, 3H),  1.38 (s, 3H); 
13C NMR (75  MHz, CDCb) o  186.2, 
162.2, 154.5, 154.0, 127.6,  124.9, 1  05.6, 73.4, 40.5, 30.4, 29.4, 29.0, 28.5; 
HRMS (ESI): Cale. for  C14H1 3F602 (M+Hf: 327.0814, found: 327.0800. 
Compound llb :  0.087 mmol, 45.2 mg,  86% yield. IR u  (em-1 ) 2935, 
1661,  1617,  1409; 
1H  NMR (300 MHz, CDCI3), o  7.27 (s,  1H), 4.95  (s, 
IH), 4.69 (hept., J= 5.5  Hz,  1H), 3.40 (ddd, J= 13.2; 7.7; 2.2 Hz,  1H), 
2.84-2.70 (rn,  1  H), 2.66-2.38 (e, 3H),  1.49 (s, 3H); 
13C  NMR (75  MHz, 
CDCb) o 172.4,  160.0,  155.1,  153.2,  121.1 ,  120.7,  103.9,  73.3,  46.1, 
30.34,  29.4,  28.4;  HRMS  (ESI):  Cale.  for  C14H11Br2F602  (M+Hf: 
484,9005, found: 484,8996. 
Compound llc: 0.069 mmol, 23.4 mg, 50% yield. IR u (em-1 ) 2935, 1661 , 1615, 1404; 
1H 
0  NMR (300 MHz, CDCI3) o  7.25 (d, J = 9.81  Hz,  1  H), 6.21  (d, J = 9.8 Hz 
IH), 6.17 (s, 1  H), 4.90 (s, 1  H), 4.65 (hept., J = 5.7 Hz,  1  H), 2.99 (hept., J = 
6.1  Hz, 1  H), 2.55 (dd, J= 17.0; 6.3  Hz, 1  H), 2.07 (ddd, J=17.0; 11.22; 2.2 
Hz,  1  H),  1.38  (s,  3H),  1.25  (d, J  =  6.5  Hz,  3H); 
13C  NMR (75  MHz, 
CDCb) o  186.4, 166.5, 154.3,  154.0,  127.3,  121.8,  105.5, 73.7, 41.3, 37.9, 
31.4, 30.9,  16.3; HRMS (ESI):  Cale. for  C1sH1 5F60 2 (M+Hf: 341.0976, 
found: 341.0971. 25 
Compound lld:  0.033mmol, 13.9 mg, 70% yield. ffi u (cm-1 ) 2941 , 1661, 1618, 1404; 
1H 
Br 
0  NMR (300 MHz, CDCI3) o  7.24 (s, 1  H), 6.27 (s,  1  H), 4.87 (s, 1  H), 4.65 
(hept., J = 5.6 Hz,  1  H), 3.00 (sext., J = 9.6 Hz 1  H), 2.59 (dd, J =  17.0; 
·····'''''  6.4  Hz,  1  H), 2.09 (ddd, J =  17.0;  11.3; 1.9 Hz,  1  H),  1.44 (s, 3H),  1.27 
(d, J =  6.5  Hz, 3H); 
13C NMR (75 MHz, CDCb) o  179.2, 167.0, 154.4, 
154.0,  123.8,  120.4,  1  04.5,  73.4,  44.6, 38.1,  31.5, 30.8,  16.3; HRMS 
(ESI): Cale. for  C,sH14BrF60 2 (M+Hf: 419.0074, found: 419.0076. 
Compound lle :  0.044 mmol, 21.3  mg, 91% yield. ffi u (cm-1 ) 2957, 1707, 1640, 1623; 
1H 
NMR (600 MHz, CDCb), o  7.13  (s,  IH), 4.97 (s, 1H), 4.69 (hept., J= 
5.9 Hz, 1  H), 3.38-3.35  (dd, J =  17.0; 6.4 Hz,  1  H), 2.68-2.63 (rn, 1  H), 
2.57-2.46 (c, 2H), 1.87 (rn, 2H), 0.68 (t, J= 7.6 Hz, 3H); 
13C NMR (75 
MHz, CDCI3)  o  158.4,  155.1,  151.2,  151.2,  127.4,  121.7,  103.8, 73.3, 
50.3,  36.2,  29.1,  28.2,  8.3;  HRMS  (ESI):  Cale. for  C15H13Br2F60 2 
0 
Br 
OYCF,  (M+Hf: 498.9161, found: 498.9153. 
CF3 
Compound  llf :  0.011  mmol,  6.6  mg,  85% yield. ffi u  (cm-1 )  3150, 2928,  1650,  1615, 
1404, 763; 
1H NMR (300 MHz, CDCI3) o  7.29-7.23 (c, 3H), 7.15 (s, 1  H), 
6.93 (dd, J =  5.4; 2.1  Hz, 2H), 4.89 (s,  1  H),  4.67 (hept., J =  5.7 Hz,  1  H), 
3.46 (ddd, J = 13.8; 5.8; 1.9  Hz 1  H), 3.11  (d, J = 18.3  Hz, 1  H), 3.01  (d, J 
=  18.3  Hz,  1  H),  2.90 (rn,  1  H), 2.68-2.46 (c, 2H); 
13C  NMR (75  MHz, 
CDCb) o  157.6,  155.5,  151.5,  133.4,  130.2,  128.3,  128.0,  122.3,  122.1, 
1  02.4,  76.6,  73.29,  51.1,  50.36,  29.6,  28.4;  HRMS  (ESI):  Cale.  for 
C2oH,sBr2F602 (M+Hf: 560.9318, found: 560.9304. 
0 
Br 26 
Compound llg: 0.021  mmol,  10.8  mg, 79% yield. IR u (em-1 ) 2941, 1660, 1617,  1415; 
1H 
o  NMR (300 MHz, CDCI3) o  7.15 (s, 1  H), 4.95  (s, 1  H),  4.66 (hept., J = 5.6 
Hz, 1  H), 3.37 (ddd, J= 13.3; 5.6; 2.1  Hz,  IH), 2.76-2.46 (e, 3H), 1.80 (rn, 
2H),  1.0  (e,  2H), 0.85  (t, 7.6  Hz); 
13C  NMR (75  MHz, CDCI3)  o  172.6, 
158.7,  155.0,  152.0,  122.2, 104.0, 73.3, 50.0, 45.2, 29.2, 28.3,  17.2,  13.7; 
HRMS  (ESI):  Cale.  for  C1 6H1 sBr2F602  (M+Hf:  512.9318,  found: 
512.9327. 
Compound llh: 0.021  mmol,  10.8 mg, 90% yield. IR u (em-1) 1740, 1372,  1243,  1046; 
1H 
NMR (300  MHz,  CDCI3)  o 7.25(s,  1  H),  4.72  (s,  1  H),  4.69 
(hept.,J= 5.7 Hz, IH), 3.77 (rn,  IH), 2.73  (dd,J= 18.2; 7.3 Hz, 
IH), 2.38 (d, J= 18.1 Hz,  IH), 2.00-1.89 (rn, 2H), 1.87-160 (e, 
3H),  1.44  (td,  J  =  12.2;  4.2  Hz,  IH); 
13C  NMR (75  MHz, 
CDCh) o  172.6,  161.8,  157.8, 152.7,  122.9,  117.8,  100.0, 73.3, 47.5,  40.2, 38.1 , 34.4, 34.1 , 
17.6; HRMS (ES!): Cale. for  C1 6H1 3Br2F60 2 (M+Hf: 510.9161, found: 510.9165. 





3h  1456,  1373,  1288; 
1H  NMR (600  MHz,  CDCI3)  o  7.54  (s, 
1H), 4.77 (s, 1H),  4.64 (hept., J= 5.9 Hz, 1H), 3.36 (dt, J= 
14.1; 3.5  Hz, 1  H), 2.53 (tm,  12.3 Hz, 1  H), 2.46 (td, J =  14.1; 
4.7  Hz); 2.31  (s, 3H), 2.10-2.00 (rn,  3H),  1.70  (e,  1  H),  1.67 
(dt,  10.0; 2.3  Hz,  IH),  1.56  (s, 3H); 
13C  NMR (150  MHz, CDCh) o 172.3,  167.0,  164.7, 
154.2, 154.1 , 122.0, 121.3, 103.6, 73.3, 49.3, 48.6, 34.5, 34.0, 33.2, 27.7, 23.5, 19.2; HRMS 
(ES!): Cale. for  C1sH11Br2F60 2 (M+Hf: 538.9475, found: 538.9489. 




3h  1451,  1373,  1281 ; 
1H  NMR (600 MHz, CDCI3) o  7.21 (s, 
IH), 5.03 (d, J= 5.9 Hz,  1H),  4.64 (hept., J = 5.9 Hz, 1H), 
3.22 (dq, J =  14.6; 2.3 Hz  1  H), 2.81  (rn,  1  H), 2.46 (td, J = 
14.7; 5.3 Hz, 2H),  2.27-2.19 (rn, 1H), 2.14 (dd, J= 17,6; 5.9 
Hz,  IH),  2.06-1.97  (e,  3H),  1.50-1.37  (e,  6H); 
13C  NMR 27 
(150 MHz, CDCb) 8 173.1,  167.4, 156.3, 156.2,  154.4, 121.5, 121.2, 103.5, 73.3, 50.5, 46.5, 
32.2, 30.6, 30.0, 27.4, 25.8, 20.1 ; HRMS (ESI): Cale. for  C 18H17Br2F60 2 (M+Ht: 538.9475, 
found: 538.9477. 
Compound 17: To a solution of  compound 16 (520 mg, 2 mmol) in MeOH (50 mL) at -78°C 
orss  was performed an  ozonolysis. To the resulting solution was added 60 mg of 
Pd/C-( 10%)  and  was saturated  under hydrogen  atmosphere overnight th en 
filtrated  and  purified  by  chromatography  on  silica gel  (n-hexane:EtOAc, 
93:7)  to  afford  300  mg,  (54%)  of compound  17. 
1H  NMR (300  MHz, 
CDCI3)  8 9.84 (s,  1  H), 7.00 (  d, J = 7.0 Hz, 1  H), 6.64 (s,  1  H), 6.61  (s, J = 6.6 
Hz,  IH), 2.88 (t,  J = 2.9 Hz, 2H), 2.71  (t,  J = 2.7 Hz, 2H), 2.23  (s, 3H), 
1.00 (s, 9H), 0.20 (s,  6H); 
13C NMR (75  MHz, CDCb) 8 201.6,  153.9,  139.6,  131.2,  128.5, 
120.3,  118.0, 44.1 , 34.4, 25.8,  25.7,  18.5,  18.2,  -4.3.  HRMS (ESI):  Cale. for  C16H270 2Si 
(M+Ht: 279.1775, found: 279.1770. 
Compound 18: To a solution of CBr4 (650 mg, 2 eq.)  in dry CH2Ch (0.75 mL) at Ü°C, was 
OTBS  added  PPh3  (1 050 mg, 4 eq.), the solution was stirred during 20 minutes 
and  compound 17 (280  mg,  1 mmol,  1 eq.) diluted  in  CH2Ch (0.25  mL) 
was added dropwise. The solution was stirred for 1 h at room temperature 
and  was firstly  filtrated  on  a plug of silica gel  (n-hexane:EtOAc, 85: 15) 
~  and concentrated under reduced pressure. The crude dibromo alkene (296 
mg, 0.68  mmol) was subsequently diluted in dry THF (3  mL) at -78°C and n-BuLi (0.6 mL at 
2.5  M.,  1.5 mmol, 2.2 eq.) was added and the solution was stirred for  15  minutes and then a 
solution of 5 mL of sat. aq. NH4CI  was added. The aqueous phase was extracted with EtOAc 
(3  *5  mL)  and  the  combined  organic 1ayers  were  washed  with  brine, dried  over Na2S04, 
concentrated under reduced pressure. The crude product was purified by chromatography (n-
hexane:EtOAc, 97:3) to afford 0.176 g (64%) of the desired compound 18 as a colorless oil. 
1H NMR (300 MHz, CDCb) 8 7.03  (d, J = 8.1 Hz, 1  H), 6.74 (d, J = 2.4 Hz, 1  H), 6.70 (dd, J 
= 6.7; 6.7 Hz, 1H), 2.84 (t, J= 7.7 Hz, 2H), 2.48 (td, J= 7.7; 2.6 Hz, 2H), 2.29 (s, 3H), 2.03 
(t, J= 2.6 Hz,  1H),  1.03  (s,  9H), 0.24 (s, 6H);
13C NMR (75  MHz, CDCI3)  8  153.8,  139.7, 28 
131.1 ,  128.59,  120.7,  118.1,  84.1, ,  68.9, 32.4,  25.9,  19.3,  18.5,  18.4, -4.3. HRMS (ESI): 
Cale. for  C17H270Si (M+Hf: 275.1826, found: 275.1832. 
Compound 23 : To a solution of compound 18 (244 mg, 0.9 mmol.) in  dry THF (2  mL) at -
OTBS  78°C, was added n-BuLi  (0.4 mL at 2.5M., 1 mmol, 1.1  eq), the solution was 
stirred  for  10  minutes  and  was  subsequently  added  in  the  following  order 
BFrOEt2  (0.16  mL)  and  oxetane  (0.09  mL).  The  reaction  was  stirred 
overnight and  then  a  solution  of 5  mL  of sat.  aq.  NH4CI  was  added. The 
aqueous  phase  was  extracted  with  EtOAc  (3  *5  mL)  and  the  combined 
organic  layers  were  washed  with  brine,  dried  over Na2S04,  concentrated  under  reduced 
pressure.  The  crude  product was  purified  by  chromatography (n-hexane:EtOAc,  75:25)  to 
afford 228  mg  (80%) of the desired alcohol. This compound was diluted  in  MeOH (5  mL) 
and  Lindlar  catalyst  (0.1 mmol,  15%)  was  added  and  the  solution  was  saturated  under 
hydrogen  atmosphere  during  1  hour.  The  reaction  was  filtrated  and  purified  by 
chromatography on silica gel (n-hexane:EtOAc, 75:25) to afford 213  mg (70%) of compound 
23. 
1H NMR (300 MHz, CDCh) o  6.97 (d, J =  8.0 Hz, 1  H), 6.68-6.51 (m, 2H), 5.55- 5.32 
(m, 2H), 3.60 (dd, J = 11.2; 5.7 Hz, 2H), 2.58 (t, J = 7.7  Hz, 2H), 2.31  (q, J = 7.5  Hz, 2H), 
2.23  (s, 3H), 2.08 (q, J = 7.5  Hz, 2H), 1.56 (p, J= 7.0 Hz, 2H), 0.98 (s, 9H), 0.18 (s, 6H); 
13C 
NMR (75  MHz, CDCI3) o  153.5,  141.2,  130.7, 129.6,  129.5, 128.4,  120.6,  117.3, 77.4, 77.0, 
76.5, 62.4, 33.2, 32.5, 27.7, 25.7, 23 .5,  18.4,  18.1 , -4.5. HRMS (ESI): Cale. for  C20H350 2Si 
(M+Hf: 335.2401, found: 335.2404. 
Compound 19 : To a solution of compound 23  ( 142.2  mg, 0.4  mmol)  in  dry CH2Cb (  4.3 
r( (1  mL) was added molecular sieve and  PCC (230 mg, 2.5  eq.). The 
TBSO~A'-,/<~/  solution was stirred for  1 hour at room temperature and directly 
'??'  filtrated on silica gel (n-hexane:EtOAc, 85: 15) to afford 93 mg of 
the desired aldehyde. This aldehyde was treated in the same conditions than compound 18 to 
produce 82  mg of compound 19  in  62% overall yield  from  compound 23. 
1H  NMR (300 
MHz, CDCh) o  6.98 (  d, J = 8.1  Hz,  1  H), 6.65 (  d, J = 2.5 Hz, 1  H), 6.60 (  dd, J = 8.1 ; 2.6 Hz, 
1H), 5.61-5.39 (m, 2H), 2.60 (m, 2H), 2.38-2.13  (m, 9H), 1.95 (t, J= 2.5  Hz,  1H),  1.00 (s, 
9H), 0.20 (s, 6H); 
13C  NMR (75  MHz, CDCI3)  o  153.8,  141.3,  130.9,  130.6,  128.6,  128.3, 29 
120.7,  117.5,  84.3,  77.6,  77.16,  76.7,  68.5,  33.5,  28.0,  26.5,  25.9,  18.9,  18.6,  18.4,  -4.3. 
HRMS (ESI): Cale. for  C21H330Si (M+Hf: 329.2295, found: 329.2298. 
Compound 20 : To a solution of compound 19  (67  mg, 0.2 mmol)  in  MeOH (4  mL) was 
Br 
oH  added K2C03 (68 mg, 2.5  eq.). The solution was heated at 60°C for  1 hour 
and  then  a  solution of 5  mL of sat.  aq. NH4CI  was  added.  The aqueous 
phase  was  extracted  with  EtOAc  (3  *5  mL)  and  the  combined  organic 
layers  were  washed  with  brine,  dried  over Na2S04,  concentrated  under 
reduced pressure. The crude product was used without further purification 
and  diluted  in  CH2CI2  (3  mL) at oo c and  a  solution of NBS (35  mg)  in 
CH2C)z  (1  mL)  was  added  dropwise.  The  solution  was  stirred  for  15 
minutes and  diluted  with a saturated solution of Na2S20 3  (4  mL), the aqueous phase was 
extracted with CH2C)z  (3  *5  mL) and the combined organic layers were washed with  brine, 
dried over Na2S04, concentrated under reduced pressure. The crude mixture was purified by 
chromatography (n-hexane:EtOAc, 93:7) to afford 38 mg (52%) of compound 20. 
1H NMR 
(300 MHz, CDCI3)  ô 7.25  (s,  IH), 5.81  (s,  IH), 5.67-5.36 (rn, 2H), 2.89-2.72 (rn, 2H), 
2.38- 2.13  (rn, 9H),  1.95  (t, J =  2.4 Hz,  1  H); 
13C NMR (75  MHz, CDCI3)  ô 147.6,  140.2, 
132.8,  130.4,  129.7,  129.0,  113.3,  106.4,  84.1,  68.6, 33.6,  26.4,  26.3,  19.8,  18.9.  HRMS 
(ESI): Cale. For  C15H17Br20  (M+H) +: 372.9621, found: 372.9629. 
III. Copies of lH and 13C NMR spectra 30 
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Titre: Asymmetric Synthesis of  the Main Core of Ka urane Family Members Triggered by an 
Oxidative Polycyclization-Pinacol Tandem Process 
Auteurs: Samuel Desjardins, Sylvain Canesi* 63 
Oxidailve Polycyclüation  DOl:  1 0.10021an~.200((will be t filled in lby the editor:ial staff)) 
Asynunetric Synthesis of  the .Main Core ofKau.rane Family Members 
Triggered by an Oxidative Polycydization-Pinacol Tandem P1·ocess** 
Sarruel Desjardins and Sylvain Canesï• 
CatiODie  polycyclizati. ons  of poly-=tunied eompounds  in 
bîowimetic  synthe;es  .han  bee.n  us.ed  to  acce>s  to  complex 
=hitectur5 with 6C<!llent diastereos.electirity.lll One rem.ad::abl.. 
example :bas been de'~  by Johns= Bt al. for the S)'lthese> .of 
.teroids;llt ] Du.e to theic eÙ!.I!!"lJ'• .and .efficiency >:u<lJ. strate.!Pes are 
!itill  wwlec  inten!live  in~tion ;as  an  • ex:peilitiollS  acc.e>.S  to 
complex .llillural prpdu.cb..  Sucll m.etho.ds are gener.ally triggered by 
an  .eledrophilic  spec:ie•  selec:!i•'!!ly  genen!ed which.  is  ropidly 
tnppeil by ""'"oral  n-bo.nds  in a  stueœelectiJ<e  J:V<IDU.e  and  the 
<:>=de ir; .c=clu.ded by •  nncleophilic  e2ptur.. from  an  a:temal 
nucloophile. Moreover, .other> impo.rtant tr:msfor.nutio~  ·ilut  ·Cm be 
perfotmed  in  s:imilar  conditions  are  th<>  catio.nie  molecum 
transpo:ritiC~DS_fi J De>pite b~  fir.t de•cribed n><>re  than a C<!<Uwy 
ago,  the>e  cationîe  molec_ular  transpo•itiO<l!ô  still  ~resent .an 
appea.lin,g  and  efficiellt  route  to  elaborated  structure•  via  1,2· 
&ubstituent shifts sucll .os  the  W•~ec-Meerweill , pinol'olit, .and the 
Prins-pinacol pr<l<:"!>$es. As :m :illutratioA, the 1llrin&-~l  taD.dem 
proce"" lw  often been ll>e!i .ao a hy  stntegy ill~··  oE:n;-tur.ù 
Pl"duca, ., mill d-.()D2tuted by Over:w.an ;m.d c.owo.rkers. [ j  W<~ 
'~<<>~>~ W<!nderi~. ii  a ~bill;U:Ùm  Qf îlut>e powerlùl "}'l'the tic llll<ih 
eoulii leod to .a  npid s~o.>ili cti\·e  a\~ue t>f COlJWW  :J:el.,~llli 
pre:;ent in  •  large  tàmily  of dit;upen< n;uœd l:aur.me.[§l  'lbl!<e 
polyeyclîc  ll3tuRl  p .r~1S han b. eeo_  :î>.olated  1\um nwnerolU 
.o.attual GOUtœs and  .have a pl..thoxa of'biologieal pn>pecrieo.l"-1 Unlil 
DQW, if  30me hemî-synJ!u.><~~ .haV<> been ~>~ported :from an elabouted 
.o.attual  stu'Ôil$ m.at&W,  llQIIe total synlh.eois Q( the""  ~mpou.nd& 
lw  be<ul tepomd  jn the literatuŒ. HoweV& 1hl! ..ucloil<!<:blre .of  the><~ 
eompoun!ls ap_pears an in1l!restin.!t  <ynlh..ti~ clull<>nge; înd'led,  the 
tetneyclîc ,;y..b>m<:ontUns ...  ventquat;uuasy.carboa.C<IDtec; as :weil 
u  ~o _atiguous U}'lllllleclric celltre"- 'l'he main =OOa.-<l<Eleton of  .an 
ent-k>Ju:.me ditatpene 1 >< :weil •• Iwo lœlli.bea belo.np,g to  du. 
f.un.ily,  bur-16-<œ-3-<!lli!  l  and  3--oxo-kaur-15-<>n-1"1·>1  3  are 
dticriboedin Figur<> t. 
[•]  S. O.:ajarains and  Prot  Qr. s. C:mel>l 
LiboratQir<> de ~ogie  <>t  Synlhê~  ~ 
Pllldult Nawets, Un iven~M  du Québe<>l Morrtr<:al, 
c.P.easa. su. œ. Centre-ViU o; M onu<:aJ. H:3C 3P8, 
O.u4'be<:, Canada. E-mail: jl-lnesi.s)'fvolin@uq.am.ca 
We  are  yery  gr.tl>=ful  ta  the  Natur.ol  Scienœs  and 
E,ngine'l/in,g  Rl><-""1rch  Counétl  Qf  CODada  {NSERC).  1h. e 
Canada  F<!undati<ln  for  lnoOII->Mil  (CFI),  lhe  JWVIIlCI.al 
govemrnent  d  Ouebec  (FQRNT  and  CCVC)  ami 
SO<\hfÎ/lger  lllQelhelm  {Can.oda)  lt<t  mr  ~~" • <>îr  !Pfecious 
lil\.inêial suwort in this ~arch . 
One ÙD,p01tant h!y >!ipect  en.tbling .a :mccessful polycyclizatian 
pr<>Ce>.S  îs the capacity to induce selecti,..,}y an electrophilic specie< 
en.lblin .~  to trigger the cascade. In addition, tite cyclohe.."<anone co:re 
of  compound 3 ·Could lcypothetically derive fium a ph<>nol dainti\"e 
15 :which would be dearo!WIIÏ2>!d by chimio...!ecfu.., activation.  Our 
· in.tere&t  in oxidattve  dearomatizati=  of ele. ctron--ricll  aromatic~ 
im-olving  c.arhon-bali'ld  ll!lcleophile>[lJ Ù!d us  to qu.e•tion :whether 
th.~ ·oxldati• ·• cati.onic polycy!Î!lation.could be nimered by activation 
of  a phenol. Although elec. tron--riclt  aromatic  compound&  snc:h  ;as 
phenol:;  and  theîr  .derinti\"eS  o.onnally  re.acl  u  nu.cleophile"' 
o.xidatiV<>  •divati<la c;m.  b=sf:01m  the&e  compoun.ds  Îllto  hiwlù'Y 
ce>clhe l!l*trDplùlil:  apeci~• ouclL ;u 16. 1'hi:i  t>he~~o~nium  io.n 16 
col!ld Il'! inter~p .œd in .an  inu~ular  fclùQn by  a.;?Pll>PlUte 
c.arhon-b.aoed  ~hile• ouclL  ;u  lt bonds,  thus  initia~ a 
polycycli;:;tlion ,.ja a  c•tio.nîc  c.a=d~  1iut ·would  l>e  c.oncluded ill 
this .c•oe b·y a zlei'OO...!ectn..., rin.!l' contractionllll!dUted by a pinacol 
proceJ~S .  A ~o:mbinarion .pf  lh.e.e methods atlom; knirting th" bter::ù 
chain  înto  the  t..tta"yclîc  COU!  of huran.e  17  "-ith  lh.e  couee! 
contlgura.tion  for  eacll  :rta..,.,center.  Ao.  Ullprecedertœd 
enantiJ»"}}ecili"  a;enue ti.  ·controlled  by  th;,  be.nrilic  zlel'i<Ocenter 
enablinR the <electiV<> fu:r:nution .pf  th<> fu:st qu.alerlUly carbon via a 
cltair  ;awtitian  J>late  16,  in  minimizin.!!  zleli<:  and  elec.tronic 
ia.œGctioJlS. This pllenol t-e\" <!rsal of  ~ctivity  :nu  y be thou~  of  •• 




1  ..  Ill  . 
An indîcatiOil  of bow  the  formati<ln  of the  cOJTe.:;ponding 
pheno1t0nium Î.Oil  16 c:m be geaerated ir; appareDt in the  wod: of 
Kita,  (7J  cuito lw shawn  !hat phenols :i  be activa tee!  un!ler  1he 
inJluenc.<>  <lf hypen-.lent iodine na~  91  sllCh  •• iodobenz..ne 
diacelat..  (WB)  or  pheny.liodine  b~triliuoroacetat..  (PlfiA). 
en'I;Ùunmentilly  beni~ na~ts. This  .r ..  ~  il geaetally be 1
~ 
perfon:ued  in oolvent.  iUCh  as  hex:dluom>SOJllupanol  (HIIIP).  l  1 
Thi•  a.romatic  ·~  Wilpol~ concept  Plll11Îdti  new  stntep<: opportunities in •>uthetie chem.istry,  by I!XIf<DSÎon  of  several well-
kno'l\u reactions in a.lipbatic chemistty to the arom.ati.c cbemistty. In 
th& paper,  w~ pl"e'"..enl  a  rapid 4S)'lllDletiÎC  .-ynthesis of the main 
œtncydic core of  kaUTalle deri\'OI!Î\-e  17  mediated by an oxid.ttÎ\-e 
polycyclization-pinaeol  tandem proces.;  ~ retrosynthesis pathway 
from a basic  phenol derivati>e 4 is de.cribed in Figure 3. 
Starting  from  known  compound  4,llll  the  fust  asymmetric 
ct!!lter is instilled  usin~ a Yam.unoto allybtionprocessl12l J..,ading to 
akohol 5 in l!7%  yield and  95~'. ee. This  compound .Ï!i protected 
mth MOMCI md a subsequent ozonolysis leads 10 aldehyde 6 in 
8.8% yield 0\'erall A nudeophilic capture of 6 wïth. the anion of 
alkyue 7[U] p1-oduces  an epimmc mi.'<fure of propargylic :olcohol, • 
furth~r trear:meot  with l.Al! reduces  stereo;decti~:dy the  ill.-,.-:ru> 
moiety into a trans alhne by asri. '"1:Ulee with the  hydroxyl P'Oup 
and the alcohol umwe is oxiiW.ed with Dess-Martin period.ina.rœ 
l ..  din~  to ketoliA! B  in ti 1% yield ovu three •tt:p;, Scbeme 1. 
[~ INAP(S~ 
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.FUI  OO}~Ilic  hydrocyan.ation  mediat..d  by  a  .ruthellium 
eatalyst devdoped by Ohl:wm et al [HJ col>!r01; the folDl.ltion of  the 
new stereoœnter œquired in 72% yidd and 95%  eci  A  Pe!Erson 
olefination on letone 10  followed by  • TBS dr:J>>-otection  in basic 
eondirio.ns afford phmolll in  74~• yield o\-erall, Scheme 2. 
1, TMI -CHlU 
thftiBf.,,OE!t 
s~~me2. 
liM &oÇ~ 1 Wi•011 
"oii> ()U 
64 
At this stage, bromineo ha\-e  boen introduœd on the arom.>tic 
moiety; t!>ese halide• have ~ double utility. Firsdy, îhey ~-. w;ed as 
a protecti!lg >tom of o.nho-positions of îhe phenol moiery, forcing 
the  polycydization during the wnpollllll!:  activation to occur .U the 
para position which is assuw.ed  to  be the mo$t stlbl. e  resonance 
form of  the phenoxonium speci"" 16 (Fi~  2). Indeed, due to their 
electron- l\<Ïthdrawin~ .  efl'ect,  bromines  desbbilize  the  resonance 
posÎ!Î\oe - ch.a.rge in ortho and less hinder pos.ition. Secondly, l>1-omine 
could be med subseqnently to introduœ one -of the methyl group 
required at this positiœ fur the S}'lllhesis  of a huran.e deri\-.tin, 
"USÎD,g  transition mBtù chemistry. lt appeared during  the  S)"Ilthes.is 
that  compound 11  was  the best  precursor  to  introduce  halides; 
ethers  attempl!i  aceomplished  on  furth.er  inrermediates  we-. 
unsuccessful prob.ably for steric reason!i..  lt has been obsen·ed dut it 
was more com-enient to protect vâth .. lBS the phenol moiety md a 
metathesis reaction on compound 11 ...-ith Ho\'-eyda-Grubbs second 
gt!!lel'OitÎon  leads  to  the.  desired c:yclobuu.e  core,  a  subsequent 
tre3f:ment 'l\<Îth DIBAL-H produces the  aldehy~ 13  in 68%  yield 
ovuall. In presen"" of du!  .anion of Th!S.-ace.tylene,  a Dili:tw.-.  of 
<econd.tly propar_gylic  alcohol il; obtained in a ratio  (1:1), both of 
them  leads  to  the  '"""'  aldehyde  17  afte·  the  ley  oxidati\-e 
polycycl.ization-pin..col  tandem  process  (Fi~e 1).  The  alcohol 
moiety ;,;  p1-otocted  with •  hinder TIPS  group  to  a\-oid dut the 
proparulic akohol moiety ll-ap•  an electrophilic spectes gt!!lU>ted 
dwing  îhe  CJ.tionic  cascade  ïn.tead of the  ill}~ segment,  the 
MOM _group is selecti\-.ly clewed in mild acidi. c conditions and the 
TBS  md all:}-ne  TMS  p-oups  are  selectivel.y  remo\-ed  in  bÀtic 
condition, producing 14 in 68% yidd o\·er four steps, Scheme 3. 
11 
1, NBS:QCM 




e.o~  TBSO  ,.,ti  NO· 
12 




''  Grul:!b•ll 
H.ov•rd• 
At this  •tage, the  oeco.ndar)• alcohol functionaliry  emerging i• 
.Ub:tituted  by chl  ·  'th inversion of conJi,"Ul'ation.. It should be 
noted dut the  con.ll.,"W·>.tion  oÎ this be=ilic •tueocemer is  ...-ery 
important  and  illows  contro~ ail  the  emergin~ stereocen!Er< 
genuated dwin!! the umpolung ..  divation in  faxowing the ch.Ur lib 
11'3nsition  >ble  16,  Figw:e  1.  The  elabonœd  lateral  chain  1S 
tepresent>  the,  key intermediaœ  enabling one step  steeo•elec!Î\'1! 
formation of the tell-acyclic system 17  belon~g  to th.e  kaurane's 
fàmily n~ge>-ed  by l'If  A in  25~ o )ield o\·er two stops, Scbeme 4. 
Sch~>m~>4. 
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1. General information and materials 
Unless otherwise  indicated, 
1H and 
13C  NMR spectra were  recorded  at 300 and  75  MHz, 
respectively,  in  CDCb  solutions.  Chemical  shifts  are  reported  in  ppm  on  the  o scale. 
Multiplicities are  described  as  s  (singlet),  d  (doublet),  dd,  ddd,  etc. (doublet of doublets, 
doublet  of doublets  of doublets,  etc.),  t  (triplet),  td  (triplet  of doublets),  q  (quartet),  p 
(pentuplet),  rn  (multiplet), and further qualified as  app  (apparent), br (broad), c (complex). 
Coupling  constants,  J,  are  reported  in  Hz.  Mass  spectra  (m/e)  were  measured  in  the 
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(5-((tert-butyldimethylsilyl)oxy)-2-methylphenyl)methanol  To  a  solution  of 
commercially available carboxylic ac id  a  (5000  mg,  1.0  eq, 32.9 mmol)  in  methanol  ( 150 
mL) was added SOCh (6.0 ml  , 2.5 eq, 82.2 mmol) in  a dropwise manner. The solution was 
heated to reflux for 12 hours. The resulting solution was concentrated under reduced pressure 
and  the  resulting  product  was  used  without  further  purification.  To a  solution  of crude 
product in dry DMF (30 mL) at 0°C, was added imidazole (5821  mg, 2.6 eq, 85.5 mmol) and 
TOMS-Cl (6443 mg,  1.3  eq, 42.7 mmol) and the solution was stirred during 2 hours at room 
temperature.  The  reaction  was  diluted  with  brine  (1 000  mL).  The  aqueous  phase  was 
extracted with ether (3  *  100  mL) and the combined organic layers were dried over Na2S0 4, 
concentrated  under  reduced  pressure.  The  crude  mixture  was  filtrated  on  silica  (n-
hexane:EtOAc,  80:20),  concentrated  under reduced  pressure and  the  resulting product was 
used without further purification. To a solution of crude product in  dry THF (250 mL) was 
added potionwise lithium aluminum hydride (1748 mg, 1.4 eq, 46.1  mmol). The solution was 
stirred for  1 hour at 0°C. To the resulting solution was added sat. aq NH4Cl  (8 mL) and the 
slurry solution was filtered  directly  over celite  (EtOAc)  and  the filtrate  was  concentrated 
under  reduced  pressure.  The  residue  was  purified  by  chromatography  (n-hexane:EtOAc, 
90:10 to  afford 7562 mg (91% over 3 stepg) of the desired alcohol b. 
1H  NMR (300 MHz, 
CDC13) o  = 7.05 (d, J=8.2,  1  H), 6.91  (d, J=2.6, 1  H), 6.72 (dd, J=8.1, 2.6,  1  H), 4.67 (s, 2H), 
2.30 (s, 3H),  1.02  (s, 9H), 0.23  (s,  6H); 
13C  NMR (75  MHz, CDCb) o  =  153.94,  140.00, 










5-((tert-butyldimethylsilyl)oxy)-2-methylbenzaldehyde : To a solution of benzylic alcohol 
(7562 mg,  1.0 eq, 30.0 mmol)  in  dry DCM  (150 mL) was added DIB  (15.5g, 1.6 eq, 48.0 
mmol)  and  TEMPO  (703  mg,  O . 15  eq,  4.5  mmol).  The  solution  was  stirred  at  room 
temperature for 8 hours. To the resulting solution was added sat. aq Na2S20 3 (! 00  mL) and 
sat. aq NaHC03 (500 mL). The aqueous phase was extracted with DCM (3 * 150 mL) and the 
combined organic Iayers  were washed dried  over Na2S04  and  concentrated  under reduced 
pressure. The crude product was  purified  by  chromatography (hexane to n-hexane:EtOAc, 
97:3) to  afford  6377  mg  (85%) of the  desired  aldehyde  4. 
1H  NMR (300  MHz,  CDCI3) 69 
o = 10.18 (s,  1  H), 7.24 (d, 1=2.7, 1  H), 7.07 (d, 1=8.2, 1  H), 6.93 (dd, 1=8.2, 2.7, 1  H), 2.54 (s, 
3H),  0.97  (s, 9H),  0.18  (s,  6H). 
13C  NMR (75  MHz,  CDCI3)  o =  192.03,  154.17,  134.95, 
133.32,  132.80,  132.59,  125.74,  121.92,  25.67,  18.39,  18.19,  -4.45; 
13C  NMR (75  MHz, 







AgOTf 1 (S)-Binap  TBSO~ 
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THF/87%  5 
(S)-1-(5-((tert-butyldimethylsilyl)oxy)-2-methylphenyl)but-3-en-1-ol  (96%  ee)  :  A 
mixture  of AgOTf (150  mg,  0.05  eq,  0.58  mmol)  and  (S)-Binap  (364  mg,  0.05  eq,  0.58 
mmol) was dissolved  in  dry THF (18  mL)  under argon  atmosphere and exclusion of direct 
light, and stirred at 20°C for  10  min. To the resulting solution was added a THF solution ( 18 
mL) of aldehyde 4 (2928 mg,  1.0 eq,  11.69 rn mol) and the allyltributyltin (3.81  mL, 1.05 eq, 
12.28mmol)  was  added  dropwise  at -20°C.  The  mixture  was  stirred  for  12  hours  at  this 
temperature and then a solution of 40 mL of sat. aq. NH4CI was added. The aqueous phase 
was extracted with  EtOAc (3  * 25  mL) and the combined organic layers were washed with 
brine,  dried  over  Na2S0 4,  concentrated  under  reduced  pressure.  The  crude  product  was 
purified by chromatography (hexane to  n-hexane:EtOAc, 95:5) to afford 2979 mg (87%) of 
the desired compound 5 as  a yellow oil. 
1H  NMR (300 MHz, CDCh) o = 7.05 - 6.92  (rn, 
2H),  6.66  (dd, 1=8.2, 2.6,  IH),  5.85  (ddt, 1=17.1,  10.1, 7.1,  IH),  5.17  (rn,  2H),  4.91  (dd, 
1=8.0, 4.5,  1  H), 2.55 - 2.32 (rn, 2H), 2.25 (s, 3), 0.99 (s, 9H), 0.19 (s, 6H) ; 
13C NMR (75 
MHz,CDCh)o= 154.13,  143.20,  134.76,  131.21,  126.90,  118.81,  118.31 ,  117.03, 69.71 , 
42.62, 25.80,  18.30, -4.33,  -4.36;  HRMS (ESI): Cale. for  C17H280 2Si  (M+H  - [H20]t  : 
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(S)-tert-buty1(3-(1-(methoxymethoxy)but-3-en-1-yl)-4-methylphenoxy)dimethylsilane 
To a solution of  compound 5 (5996 mg, 1 eq, 20.50 mmol) in dry CH2Cb (80 mL) at 0°C was 
added Hunig's base (10.71  mL, 3.0 eq,  61.50 mmol) then chloromethyl methyl ether (9.34 
mL, 6.0 eq,  123  mmol). The mixture was stirred at room temperature for 4 hours and then a 
solution of  sat. aq. NaHC03 (50 mL) was added. The aqueous phase was extracted with DCM 
(3  * 60  mL) and  the combined organic layers were washed  with  brine, dried over Na2S04, 
concentrated  under  reduced  pressure.  The crude  product  was  purified  by  chromatography 
(hexane  to  n-hexane:EtOAc,  95:5)  to  afford  6900  mg  (99%)  of  the  desired  protected 
compound as a yellow oit. 
1H NMR (300 MHz, CDCh) o = 6.95 - 6.67 (rn,  2H), 5.86 (ddt, 70 
J=17.1,  10.1, 7.0,  IH), 5.10  (rn,  IH), 4.87 (dd, J=8.0, 5.1 ,  IH), 4.52 (rn,  2H), 3.37 (s, 3H), 
2.60-2.35 (rn, 2H), 2.25 (s, 3H), 1.00 (s, 9H), 0.20 (s, 6H) ; 
13C NMR (75 MHz, CDCI3) o  = 
154.06, 140.94,  134.97,  131.15,  128.10,  119.11, 117.85, 117.08, 94.05, 73.62, 55.54, 41.60, 
25.81 , 18.37, 18.31, -4.38; HRMS (ESI): Cale. for  C19H320 3Si (M+H- [H20Jf : 319.2088, 
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(S)-3-(5-((tert-butyldimethylsilyl)oxy)-2-methylphenyl)-3-(methoxymethoxy)propanal 
To a solution of Sa (6900 mg,  leq, 20.50 mmol) in  DCM (600 mL) at -78°C was performed 
an  ozonolysis.  The resulting  solution  was  degazed  with  N2 then  was added  triethylamine 
(14.3 mL, 5 eq, 102.5 mmol) and the mixture was stirred at room temperature for 2 hours and 
then a solution of sat. aq. NH4CI (200mL) was added. The aqueous phase was extracted with 
DCM  (3  *75  mL)  and  the  combined  organic  layers  were  washed  with  brine,  dried  over 
Na2S04, concentrated under reduced pressure. The residue was filtrated on a plug of  silica gel 
(n-hexane:  EtOAc, 80:20) and concentrated under reduced pressure to afford 6158 mg (89%) 
of the desired compound 6 as a yellow oil. 
1H NMR (300 MHz, CDCI3) o  = 9.80 (dd, J=2.6, 
1.3,  1H), 6.96 (d, J=8.2, 1H), 6.88 (d, J=2.6,  1H), 6.64 (dt, J=6.5, 3.2,  IH), 5.35 (dd, J=9.5, 
3.6, 1  H), 4.48 (s, 2H), 3.32 (s, 3H), 2.80-2.78 (rn, 1  H), 2.57 (ddd, J=16.5, 3.5, 1.2,  1  H), 2.24 
(s, 3H), 0.95 (s, 9H), 0.15  (s, 6H) ; 
1JC NMR (75  MHz, CDCh) o  = 200.30,  154.22,  139.36, 
131.55,  127.80,  119.55,  117.69,  94.01,  68.97,  55.80,  50.21 ,  25.72,  18.23,  18.1 2,  -4.44; 
HRMS (ESI): Cale. for C18H300 4Si (M+NH4f :  356.2252, found : 356.2238 ; [a)0  (25°C, c = 
(16.4 mg/ 2mL), CH2Cb) = -132.2°. 
~0~ 
d 
1  15o•c  Br 
'"~Br 
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1,1-dibromohexa-1,5-diene : In a seal tube was added allyl vinyl ether (956.6 mg,  1  eq,  11.4 
mmol) and was stirred at 150°C for 24 hours. The resulting product was used without further 
purification. To a solution of anhydrous carbon tetrabromide (7543mg, 2eq, 22.8 mmol)  in 
anhydrous DCM (11  mL) at o oc was added portion wise triphenylphosphine (11929 mg, 45.5 
mmol, 4eq). After 30  minutes, the  above crude aldehyde was added to  the mixture.  After 
stirring for  2  hours  at  room  temperature,  the  resulting  mixture  was  quenched  by  a  slow 
addition  of sat.  aq.  NH4CI  (15mL).  The  mixture  was  filtrated  direct1y  over silica  gel  (n-
hexane:EtOAc, 93 :7) and concentrated under reduced  pressure to afford 2150 mg (79%) of 
the desired compound. 
1H NMR (300 MHz, CDCb) o  = 6.45 - 6.34 (rn,  1  H), 5.89- 5.70 (rn, 
1H), 5.11-4.99 (rn,  2H), 2.28-2.12 (rn,  4H); 
1JC  NMR (75  MHz, CDCh) o  =  138.03, 
137.01, 115.93, 89.20, 32.42, 31.89. ---------------------
MOMO  0 





n-Buli 1 THF 1 -78°C 
71% 




(1S)-1-(5-(  (  tert-butyld  imethylsilyl)oxy  )-2-methyl  phenyl)-1-(  methoxyrnethoxy  )non-8-en-
4-yn-3-ol : To a solution of 1, 1-dibromohexa-1 ,5-diene e (220 1 mg, 2.5 eq, 9.17 mmol)  in 
dry THF (19 mL) at -78°C was added n-BuLi (3.60 mL at 2.5  M., 8.99 mmol, 2.45 eq.), the 
solution  was stirred for  30  minutes. To the resulting solution  was  added dropwise a THF 
solution  (5  mL)  of aldehyde  6 (1242  mg,  1.0  eq,  3.67  mmol)  at  -78°C. The  mixture  was 
stirred for 8 hours at this same temperature and then a solution of 15  mL of sat. aq. NH4CI 
was added. The aqueous  phase was extracted with  EtOAc (3  * 15  mL) and  the combined 
organic  layers  were  washed  with  brine,  dried  over Na2S04,  concentrated  under  reduced 
pressure. The crude product was puri fied by chromatography (n-hexane:EtOAc, 90:10 to 85  : 
15)  to  afford  1093  mg  (71 %) of the  desired  propargy1ic  aleohol  6a as  a  yellow oit  as  a 
diastereoisomeric mixture (2/3).  HRMS (ESI): Cale.  for  C24H3s0 4Si  (M+Nat : 441.2437, 
found : 441 .2431 . 
MOMO  OH 
TBSO~~ 
1  ~ 
~ 
Sa 
THF 1  Reflux 
88% 





4,8-dien-3-ol: To a solution of 6a (1888 mg,  leq, 4.51  mmol) in  anhydrous THF (45  mL) 
was added potionwise lithium aluminum hydride (428 mg, 2.5 eq, 11.27 mmol). The solution 
was heated to reflux for 1 hour. To the resulting solution was added sat. aq NH4CI (5  mL) and 
the slurry solution was filtered directly over celite (EtOAc) and the filtrate was concentrated 
under reduced pressure. The residue was purified by chromatography (n-hexane:EtOAc, 85 : 
15)  to  afford  1670  mg  (88%)  of  the  desired  trans  alkene  6b  as  a  yellow  oit  as  a 
diastereoisomeric  mixture (2/3).  HRMS (ESI):  Cale. for C24H4o0 4Si  (M+Nat : 443.2594, 
found : 443.2587. 
MOMO  OH 
TBSO~.~ 
l0('  u 
Sb 
DMP 
DCM 1 oo c 
97% 
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(S,E)-1-(5-(  (  tert-butyldimethylsilyl)oxy)-2-methyl phenyl)-1-(  methoxymethoxy  )nona-4,8-
dien-3-one : To a solution of  aleohol mixture 6b (  4207 mg,  1 eq, 10.00 rn mol) in dry CH2CI2 
(1 00 mL) at 0°C was added Dess-Martin periodinane (1 0.60g, 2.5 eq, 25  mmol). The mixture 
l 72 
was stirred at room temperature for  1 hour and then a solution of sat. aq. NaHC03 (50 mL) 
and sat. aq.  Na2S20 3  (50 mL) was added  subsequently. The aqueous phase was extracted 
with CH2Ch (3  *50 mL) and the combined organic layers were washed with brine, dried over 
Na2S04,  concentrated  under  reduced  pressure.  The  crude  mixture  was  purified  by 
chromatography (n-hexane:EtOAc, 93:7 to 90:1 0) to afford 4069 mg (97%) of compound 8 
as yellow oil. 
1H NMR (300 MHz, CDCI3) o  = 6.96 (d, J=8.2, 1  H), 6.92 (d, J=2.6,  1  H), 6.83 
(dt, J=15.9, 6.6, 1  H), 6.65 (dd, J=8.2, 2.6,  1  H), 6.15 (dt, J=15.8, 1.3,  1  H),  5.78 (ddt, J=l6.6, 
10.2, 6.4,  lH), 5.35 (dd, J=9.4, 3.4,  1  H), 5.09-4.97 (rn, 2H), 4.53-4.42 (rn, 2H), 3.29 (s, 
3H), 3.07 (dd, J=l5.8, 9.4, 1  H), 2.62 (dd, J=l5.8, 3.4, 1  H), 2.37-2.15 (rn, 7H), 0.97 (s, 9H), 
0.17  (s,  6H) ; 
13C  NMR (75  MHz,  CDCI3) o  =  197.63,  154.15,  147.21,  140.52,  137.04, 
131.44,  131.13,  128.08,  119.30,  117.75,  115.75,  94.27,  70.42, 55.82, 47.26,  32.18,  31.83, 
25.81 , 18.32, 18.29, -4.34; HRMS (ESI): Cale. for  C24H3s04Si (M+Nat:  441.2432, found : 
441.2435; [a]0  (25°C, c = (27.7 mg/2mL), CH2CI2) = -88.8°. 
MOMO  0 
TBSO~. ~  u ·  u 
MOMO  0 
TMS-CN/MeOH  TBSO~  ~ 
(R,R,R)- Ru catalyst  u ·  ~•~"')V 
C6H50Li 1  72%  ~  NC 
8  10 
(R)-2-((S)-4-(5-((tert-butyldimethylsilyl)oxy)-2-methylphenyl)-4-(methoxymethoxy)-2-
oxobutyl)hex-5-enenitrile: Ruthenium complexe 9 (See Ref 14 for synthesis) (105 mg,  1.0 
mol%,  0.097  rn mol)  was  placed  in  100  mL  round-bottom  flask,  and  purged  by  argon. 
Anhydrous methanol (0.59 mL,  1.50 eq,  14.57  rn mol) was added to this flask (CA UT!  ON : 
formation of  HCN),  and  the mixture was cooled at 0°C. Then trimethylsilyl cyan ide ( 1.80 
mL,  1.48 eq, 14.38 mmol) was added in  a dropwise manner, and the mixture was stirred for 
15  min. To this solution, anhydrous tert-butyl methyl ether (50 mL) and  lithium phenoxyde 
(1.46 mL at 60 mM  in THF, 0.9 mol%, 0.087 mmol) were added at 0°C, and the mixture was 
stirred for 30 min. Then compound 8 (4069 mg,  leq, 9.72 mmol), was added to this solution 
in  a dropwise manner over 5 min, and the reaction  mixture was stirred for  12  hours at this 
same temperature. Then a  solution  of sat.  aq.  NaHC03 (50  mL)  was added. The aqueous 
phase was extracted with AcOEt (3  *50 mL) and the combined organic layers were washed 
with brine, dried over Na2S04, concentrated under reduced pressure. The crude mixture was 
purified by chromatography (n-hexane:EtOAc, 87:13  to afford 3122 mg (72%) of compound 
10  as a colorless ail. 
1H  NMR (300 MHz,  CDCh) o  =  6.98 (d, J=8.2,  1  H),  6.86 (d, J=2.6, 
1H), 6.67 (dd, J=8.2,  2.6, 1H), 5.77 (ddt, J=17.0,  10.2, 6.7,  IH), 5.31  (dd, J=9.8,  3.3,  IH), 
5.17-5.01  (rn, 2H), 4.46 (q, J=6.7, 2H), 3.30 (s, 3H), 3.10 (dq, J=13.1, 6.6,  IH), 2.98 -2.71 
(rn, 3H), 2.54 (dd, J=15.7, 3.3,  IH), 2.40-2.13 (rn, 5H), 1.76- 1.55 (rn, 9H), 0.97 (s, 8H), 
0.17  (s,  6H) ; 
13C  NMR (75  MHz,  CDCh) o  =  203.80,  154.31,  139.54,  136.18,  131.70, 
128.09,  121.40,  119.65,  117.63,  116.64,  94.33,  70.43,  56.05,  49.73,  45.92,  31.18,  31.02, 
25.83, 25.37, 18.35, 18.22, -4.29; HRMS (ESI) Cale. for C2sH39N04Si (M+ NH4t: 463.2987, 
found: 463.2986; [«]o (25°C, c = (38.6 mg/2mL), CH2CI2) = -92.1°. 
- - - --~----MOMO  0 
TBSO~(SJ  ~ 
::::,....  1  (R) 
NC 
10 
1. TMS/"".. Li 
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75% over 2 steps 
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(R)-2-((S)-4-(5-((tert-butyldimethylsilyl)oxy)-2-methylphenyl)-4-(methoxymethoxy)-2-
methylenebutyl)hex-5-enenitrile: To a solution of compound 10 (483  mg,  1eq, 1.08 mmol) 
in dry THF (3mL) at  -78°C was added (Trimethylsilyl)methyllithium (1 .2 mL at C = 1.0M , 
1.1  eq, 1.2 mmol) dropwise, to avoid a not wished pink coloration, over a period of 3 hours . 
Then a solution of 15  mL of sat. aq. NH4Cl was added. The aqueous phase was extracted with 
EtOAc (3  * 15  mL)  and  the  combined  organic  layers  were  washed  with  brine, dried  over 
Na2S04,  concentrated under reduced  pressure. The crude product was  used  without further 
purification and diluted in CH2Cb (10 mL) at 0°C and boron tritluoride diethyl etherate (0.21 
mL,  1.5  eq,  1.64  mmol)  was added  dropwise. The solution  was stirred for  15  minutes and 
diluted with a saturated solution of NaHC03  ( 10  mL), the aqueous phase was extracted with 
CH2Cb (3  * 10  mL)  and  the combined organic  layers  were washed  with  brine, dried  over 
Na2S04,  concentrated  under  reduced  pressure.  The  crude  mixture  was  purified  by 
chromatography (n-hexane:EtOAc, 90:1 0) to afford 360 mg ( 75  %) of external alkene lOa. 
1H  NMR (300 MHz, CDCb) 8 = 6.97  (d, J=8.2, 1  H), 6.87  (d, J=2.6,  1  H), 6.66  (dd, J=8.2, 
2.6,  1  H), 5.84- 5.68 (rn, 4H), 4.46 (q, J=6.7, 2H), 3.33 (s, 3H), 2.80-2.66 (rn, 1  H), 2.50-
2.13 (rn, 9H), 1.75- 1.65 (rn, 2H), 0.97 (s, 9H), 0.17 (s, 6H); 
13C NMR (75 MHz, CDC13)  8 = 
154.12,  141.63,  140.83,  136.31 ,  131.29,  127.80,  121.63,  119.18,  117.66,  116.42,  115.88, 
94.13, 73.35,  55.79,  42.88, 39.06, 31.28, 31.06, 29.45, 25.74,  18.30,  18.23, -4.41 ; HRMS 
(ESI) Cale. for C26H41N03Si  (M+ NH4t: 461.3194, found  : 463.3195; [a)0  (25°C, c = (44.8 
rng/2mL), CH2Cb) = -68.0°. 
99% 
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(R)-2-((S)-4-(5-hydroxy-2-methylphenyl)-4-(methoxymethoxy)-2-methylenebutyl)hex-5-
enenitrile : To a solution of lOa (1643  mg, 1 eq, 3.70  mmol) in  MeOH (37 mL) was added 
K2C03  (1.2g, 2.5  eq, 9.25  mrnol). The solution was heated at 60°C for  1 hour and then a 
solution of 50 mL of sat. aq. NH4Cl was added. The aqueous phase was extracted with DCM 
(3  *50 mL)  and the combined organic layers  were washed  with  brine,  dried over Na2S04, 
concentrated  under  reduced  pressure. The residue  was  filtrated on  a  plug of silica gel  (n-
hexane:EtOAc, 70:30) and concentrated under reduced pressure to afford  1240 mg (99%) of 
the desired compound 11  as a yellow oil. 
1H NMR (300 MHz, CDCb) 8 = 6.97 - 6.87  (rn, 
2H), 6.75 (s,  1H), 6.63  (dd, J=8.2, 2.6, 1  H), 5.74 (ddt, J=I7.0, 10.1, 6.7, 1  H), 5.14-4.98 (rn, 74 
4H), 4.92 (dd, J=8.6, 4.4, 1  H), 4.47 (s, 2H), 3.34 (s, 3H), 2.75 (tt, J=9.1, 5.7, 1  H), 2.50-2.09 
(rn,  9H),  1.77-1.55 (rn,  2H); 
13C  NMR (75  MHz,  CDCh) o  =  154.63,  141.41,  140.69, 
136.20,  131.40,  126.49,  121.66,  116.36,  115.80, 114.53, 112.83, 94.01 , 73.45, 55.73, 42.66, 
38.80, 31 .12, 30.94, 29.34, 18.1 0; HRMS (ESI) Cale. for C2oH21N03 (M+ NH4t: 347.2329, 
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(R)-2-((S)-4-(2,4-dibromo-3-hydroxy-6-methylphenyl)-4-(methoxymethoxy)-2-
methylenebutyl)  hex-5-enenitrile  :  The  compound  11  (1240  mg,  1 eq,  3.70  mmol  was 
diluted in  CH2Cl2 (30 mL) at oo c and a solution ofNBS freshly recristallized in  water (1383 
mg, 2.1 eq, 7.4 mmol) in  CH2Cb (10 mL) was added dropwise. The solution was stirred for 
25  minutes and diluted with a saturated solution of Na2S20 3 (5  mL), the aqueous phase was 
extracted with CH2Cb (3  *30 mL) and the combined organic layers were washed with brine, 
dried over Na2S04, concentrated under reduced pressure. The crude mixture was purified by 
chromatography (n-hexane:EtOAc,  80:20) to afford  1220  mg (68 %) of  compound lla  as 
yellow oil. 
1H  NMR (300 MHz, CDCh) o  =  7.25 (s,  1H), 6.03  (br,  1H), 5.75 (ddt, J=17.1, 
1  0.2, 6.7,  1  H), 5.41  (dd, J=9.8, 4.1,  1  H), 5.16- 4.96 (rn, 4H), 4.51  - 4.40 (rn,  1  H), 3.28 (s, 
3H), 2.84 - 2.72 (rn,  1  H), 2.67- 2.13 (rn,  1  OH), 1.75- 1.65 (rn, 2H); 
13C NMR (75 MHz, 
CDCh) o  =  147.16, 140.82, 137.38,  136.00, 134.32, 130.55, 121.08,  115.89, 115.72,  11 2.91 , 
108.01 , 94.25, 77.42, 55.44, 39.28, 38.09, 30.96, 30.63, 29.17, 19.27; HRMS (ESI) Cale. For 
C20H25Br2N03 (M+NH4f:  503.0539,  found  : 503.0538;  [a]0  (25°C,  c  =  (15.7  mg/ 2mL), 





Br  0) 
TBDMS-CI/ imidazol~  TBSO~ (SJ  '-'::::: 
DMF, 2H  1  RJ 
96%  Br  ~  NC 
11a  12 
(R)-2-((S)-4-(2,4-dibromo-3-((tert-butyldimethylsilyl)oxy)-6-methylphenyl)-4-
(methoxymethoxy) -2-methylenebutyl)hex-5-enenitrile : To a solution of lla (1220 mg, 1 
eq, 2.50 mmol) in dry  DMF (5 mL) at Ü°C, was added imidazole (477 mg, 2.8 eq, 7 mmol) 
and TDMS-C1  (528  mg,  1.4  eq, 3.5  mmo1)  and the solution was stirred during 2  hours at 
room temperature. The reaction was diluated with brine (600 mL). The aqueous phase was 
extracted with ether (3  *30 mL) and the combined organic layers were dried over Na2S04, 
concentrated under reduced pressure. The crude mixture was purified by chromatography (n-
hexane:EtOAc,  90:10)  to  afford  1448  mg  (  96 %) of compound  12. 
1H  NMR (300 MHz, 75 
CDCI3) o =  7.26  (s,  IH),  5.73  (ddt,  1=17.0,  10.1 ,  6.7,  IH),  5.47  (dd, 1=9.9,  4.1 ,  IH), 
5.14-4.96 (rn, 4H), 4.44 (dd, 1=19.9, 6.7, 2H), 3.25 (s, 3H), 2.79 (tt, 1=9.2, 5.8,  1  H), 2.69-
2.08 (rn, 9H), 1.80- 1.56 (rn, 2H), 1.01  (s, 9H), 0.32 (s, 6H); 
13C NMR (75  MHz, CDCh) o  = 
148.00,  141.11,  138.31,  136.26,  135.55,  132.20,  121.43,  119.14,  116.45,  113.76,  94.89, 
78.05,  55.83,  39.73,  38.55,  31.46,  31.05,  29.63,  26.25,  25.67,  19.77,  18.98,  -1.88,  -1.95; 
HRMS (ESI) Cale. For C26H39Br2N03Si  (M+Naf: 624.0940,  found  : 624.0931; [a]0  (25°C, 
c = ( 18.6 mg/2mL), CH2Ch) = -50.9°. 
TBSO 
Br 
Hoveyda Grubbs 11. 
DCM, R.T. 
83% 
TBSO  Br 
12  12a 
(R)-3-((S)-2-(2,4-dibromo-3-((tert-butyldimethylsilyl)oxy)-6-methylphenyl)-2-
(methoxymethoxy) ethyl)cyclohex-3-enecarbonitrile : To a solution of  compound 12 ( 1448 
mg,  1 eq, 2.41  rn mol)  in  DCM  (200 mL) was added Hoveyda Grubbs Il  catalyst (  45  mg,  3 
mol%, 0.07 mmol).  The reaction was stirred for  12 hours then then filtrated and purified by 
chromatography on  silica gel (n-hexane:EtOAc, 90:1 0) to afford  1140 mg, (83%) of 12a. 
1H 
NMR (300 MHz, CDCh) o  = 7.22 (s,  IH), 5.56 (s,  IH), 5.41  (dd, J=9.6, 4.3,  IH), 4.40 (dd, 
1=19.3, 6.6, 2H), 3.22 (s, 3H), 2.93-2.70 (rn,  1  H), 2.54-2.00 (rn, 9H), 1.91  - 1.70 (rn, 2H), 
0.98 (s, 9H), 0.29 (s, 6H); 
13C NMR (75  MHz, CDCh) o  =  147.82,  138.48, 135.31, 132.07, 
131.00,  123.84,  122.02,  119.05,  113.49,  94.70,  78.04,  55.53,  41.66,  31.44,  26.14,  24.93, 
22.99,  19.65,  18.83,  -2.02,  -2.08;  HRMS  (ESI)  Cale.  for  C24H35Br2N03Si  (M+Naf: 
596.0627, found: 596.0622 ; [a]0  (25°C, c = (14.1  mg/ 2mL), CH2Ch) = -40.8°. 
TBSO  Br 
Br 
Dibal - H 1 Et,O  • 
-78C 
82% 
TBSO  Br 
12a  13 
(R)-3-((S)-2-(2,4-dibromo-3-((tert-butyldimethylsilyl)oxy)-6-methylphenyl)-2-
(methoxymethoxy)  ethyl)cyclohex-3-enecarbaldehyde  :  To  a  solution  of  cyanide 
compound 12a (1140 mg, 1  eq, 1.99 mmol) in dry ether (20 mL) at -78°C, was added DIBAL-
H  (4.98 mL at l.OM., 2.5eq, 4.98 mmol) in a dropwise manner, the solution was stirred for 2 
hours  and  was  subsequently added  in  the  following  order methanol  (10  mL)  and  sat.  aq. 
NH4CI (50 mL). This solution was transferred in a sat aq. Rochelle's Salt and the mixture was 
stirred for 60 min  at room  temperature. The resulting solution was extracted with EtOAc (3 
*40  mL)  and  the  combined  organic  layers  were  washed  with  brine,  dried  over Na2S04, 
concentrated under reduced pressure. The crude product was filtrated on  a plug of silica gel 
(n-hexane:EtOAc, 80:20) to afford 939 mg (82%) of the compound 13. 
1H NMR (300 MHz, 
CDCh) o  =  9.71  (s,  IH), 7.27  (s,  IH),  5.56  (s,  IH), 5.51  (dd, J=9.4, 4.5,  IH), 4.46 (dd, 76 
1=18.1 , 6.6, 3H), 3.28 (s, 3H), 2.62-2.20 (rn, 9H), 1.99- 1.90 (rn,  1H), 1.70- 1.50 (rn, 2H), 
1.03  (s, 9H), 0.33  (d, 1=2.1, 6H); 
13C NMR (75  MHz, CDCb) o  =  203.75,  147.87,  138.82, 
135.35,  132.22,  132.16,  124.27,  119.26,  113.47, 94.69,  78.00,  55.53, 46.50, 42.06,  27.58, 
26.23,  23.88,  21.80,  19.76,  18.93,  -1.95,  -2.01 ;  HRMS  (ES!)  Cale.  for  C24H36Br204Si 
(M+Nat: 599.0623, found : 599.0625 ; [a]0  (25°C, c =  (24.8 mg/ 2mL), CH2Ch) =  -27.1°. 
TBSO 
Br 
Br  0 
OMOM  )'-H  ==  TMS 
n-Buli,THF 1 -7a•c 
99% 
TBSO  Br 
Br 
13  13a 
~:::::::::--TMS 
1-((R)-3-((S)-2-(2,4-dibromo-3-((tert-butyldimethylsilyl)oxy)-6-methylphenyl)-2-
(methoxy  methoxy)ethyl)cyclohex-3-en-1-yl)-3-(trimethylsilyl)prop-2-yn-1-ol:  To  a 
solution ofTrimethylsilylacetylene ( 1.04 mL, 4.5eq, 7.34 mmol) in dry THF (8 mL) at -78°C 
was added n-BuLi (4.3  mL  at 2.5  M., 4.3  eq,  2.80  mmol), the solution was  stirred for 30 
minutes. To the resulting solution was added dropwise a THF solution (3  mL) of  aldehyde 13 
( 1.63  mmol) at -78C. The mixture was stirred for  2H  at this  sa me  temperature and th en  a 
solution  of 20  mL  of sat.  aq.  NH4CI was  added.  The  aqueous  phase  was  extracted  with 
EtOAc (3  * 15  mL)  and  the combined organic  layers  were  washed  with  brine, dried  over 
Na2S04,  concentrated  under  reduced  pressure.  The  crude  product  was  purified  by 
chromatography  (n-hexane:EtOAc,  85: 15)  to  afford  1100  mg  (99%)  of  the  desired 
propargylic alcohol  13a as  a brown  oil  as  a diastereoisomeric mixture ( 1:1  ).  HRMS (ESI) 
Cale. For C29H46Br204Si2 (M+Nat: 697.1176,  found: 697.1170. 
TBSO  Br 
TIPS-OTf 1  EhN  • 
DCM/OC 
83% 
TBSO  Br 
1~  1~ 
tert-buty1(2,6-dibromo-3-((S)-1-(methoxymethoxy)-2-((R)-5-(1-((triisopropylsilyl)oxy)-3-
(trimethylsilyl)prop-2-yn-1-yl)cyclohex-1-en-1-yl)ethyl)-4-
methylphenoxy)dimethylsilane : To a solution of propargylic  alcohol  13a ( 1100 mg,  1  eq, 
1.63  mmol.) in  DCM (16 mL) at 0°C, was added in  the following order Et3N  (0.55  mL, 2.4 
eq,  3.91  mmol)  and  TIPS-OTf (0.53  mL,  1.2  eq,  1.96  mmol)  in  a dropwise  manner. The 
solution was stirred for 3 hours at this same temperature. Then a solution of 10  mL of water 
was added. The aqueous  phase  was  extracted  with  DCM  (3  * 15  mL)  and  the combined 
organic  layers  were  washed  with  brine,  dried  over  Na2S04,  concentrated  under  reduced 
pressure.  The  crude  product  was  purified  by  chromatography  (n-hexane:EtOAc,  97:3)  to 
afford 1.1246g (83%) of the desired protected propargylic aleohol 13b as a brownish oil as a 
diastereoisomers mixture ( 1: 1  ). HRMS (ES!) Cale.  For C38H66Br204Sb (M+Nat: 851.2528, 
found : 851 .2681. 77 
TBSO  Br 
,_____;:==-TMS  1. CBr  4 1 i- PrOH 1 reflux 
Br  2. K2C03 1  MeOH 1  Reflux  Br 
83% over 2 steps 
13b  14 
2,6-dibromo-3-((S)-1-hydroxy-2-((R)-5-(1-((triisopropylsilyl)oxy)prop-2-yn-1-
yl)cyclohex-1-en-1-yl)ethyl)-4-methylphenol : To a solution of 13b (1125  mg,  1 eq,  1.35 
mmol)  in  anhydrous i-PrOH  (14  mL) was added dry CBr4 (90 mg ,0.2  eq, 0.3  mmol). The 
solution was heated at 84°C for 5 hours and then a solution of 10 mL of  sat. aq. NaHC03 was 
added. The aqueous phase was extracted with  DCM  (3  * 10  mL) and the combined organic 
layers were washed with brine, dried over Na2S04, concentrated under reduced pressure. The 
product was used  without further purification and  diluted  in  methanol ( 15  mL) was added 
K2C03 (559 mg, 3.0 eq, 4.1  mmol). The solution was heated at 60°C for  1 hour and then a 
solution of 30 mL of sat. aq. NH4Cl  was added. The aqueous phase was extracted with DCM 
(3  *20  mL) and the combined organic layers were washed  with  brine, dried over Na2S04, 
concentrated under reduced pressure. The crude product was purified by chromatography (n-
hexane:EtOAc, 90:10) to afford 670 mg (83%) of  the desired compound 14 as a yellow oil as 
a diastereoisomer mixture  (1 :1). HRMS (ES!) Cale.  For C21H40Br20 3Si  (M+Na - [H20Jt: 
583.1062,  found : 583.1062. 
Br 
14 
1.SOCI2 1  DCM 
2.Phi(C02CF3)z 
HFIP 1 DCM 
25% over 2 steps 
17 
(5R,6aR,9R,11aR,11 bR)-2,4-dibromo-5-chloro-11 b-methyl-3-oxo-3,5,6,9,1 0,11 ,11a,11 b-
octahydro-6a,9-methanocyclohepta[a]naphthalene-8-carbaldehyde  :  To  a  solution  of 
compound  14  (105  mg,  1 eq,  0.175mmol)  in  anhydrous  DCM  (3  mL) was  added  SOClz 
(38!lL, 3.0 eq, 0.525 mmol). The solution was heated at 46°C for 8 hours and then a solution 
of 10 mL of  sat. aq. NaHC03 was added. The aqueous phase was extracted with DCM (3  * 10 
mL)  and  the  combined  organic  layers  were  washed  with  brine,  dried  over  Na2S04, 
concentrated under reduced pressure. The crude product was filtrated on a plug of silica gel 
(n-hexane:EtOAc,  90:1 0)  and  was  used  without  further  purification.  To  a  solution  of 
Phi(C02CF3)2 (83  mg,  1.1  eq, 0.192  mmol)  in  a mixture ofHFIP/DCM (5:3 ; 0.6 mL) was 
added  over  5  seconds  to  a  vigorously  stirred  solution  of crude  phenol  in  a  mixture  of 
HFIP/DCM  (5:3  ;  1 mL)  at  room  temperature.  After addition  of PIFA,  the  solution  was 
stirred for 2 min, quenched  with  1 mL of acetone, filtered  directly over silica gel  (EtOAc) 
and the filtrate was concentrated under reduced pressure. The residue was purified by  silica 78 
gel  chromatography with  hexane/ethyl  acetate (75:25) to  afford 20.3  mg of tetracyclic core 
17  in 25% yield over 2 steps. 
1H NMR (300 MHz, CDCb) o  =  9.67  (s, 1H), 7.3 1 (s, 1H), 
6.13  (s, 1H), 5.42 (t, J=9.5, 1H), 3.05-3.00 (rn, 1H), 2.46 (d, J=9.6, 2H), 2.18 (dd, J=12.9, 
5.0, 1  H), 2.05 - 1.98 (rn, 1  H), 1.90- 1.82 (rn, 1  H), 1.72 (s, 3H), 1.46- 1.40 (rn, 2H), 0.96 -
0.85  (rn, 2H); 
13C  NMR (75  MHz, CDCb) o  =  188.86,  172.36,  158.58,  155.18,  150.01, 
147.49, 127.54, 119.28, 56.42, 52.49, 51.07, 50.83, 49.63, 40.01 , 36.89, 31.08, 25.16, 23.03; 
HRMS (ESI) Cale. For C18H17Br2Cl02 (M+Nat: 482.9155, found : 482.9159; [a]0  (25°C, c 
=  (11.6 mg/ 2mL), AcOEt) =  -4.3°. 
3. Copies of 
1H and 
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Abstr.act: A chelllOISelecti\'e and emoironmentally benign oridatîou 
ofbenzy.lic amines into aldehydes mediated by a hyperva!ent iodine 
reagent !Jas been de\'eloped.  This  mild oxidatÏ\'e version  of the 
!Polonovski process may be selec.tivdy carried out  .in the presence of 
severa! functioualitîes including a free alcohol and provides œw 
syntbetic opportunities ~  a masked aldehyde segment 
Key words: lhyperva!ent  iodine,  oxidation,  amiDes,  Polonov"Ski, 
aromatic aldehydes 
Aromatic aldehydes are important compo.uents of  severa! 
natural p.rodocts and are employed as valuable precursors 
in various synthetic proces.ses. These common fuaction..1l-
ities may be obtained using  traditional  transformatio.us 
StJCh as oxidation of  an aloohol, but this .may require. the 
use of protecting groups to ensure s. elective oxidation if 
severn! aloohols are present in the molecule. In this paper, 
we.  describe a nùld and chemoselective ruetbod fo.r the se-
lective transformation of a benzylic amîne ùuo an alde-
hyde  even  in the  presence  of a  free  akohol Similar 
reactions have bee.n reportedin the literature for oxidizing 
awio.es  into  cart>ony1 groups through imine or iminiuru 
species., 'but most of  these have requîred to.xic heavy met-
ais ormultistep processes.1 'Ibis new method is promoted 
by hypervalent iodine reagems41 such as iodobenzene di-
aceta:te (Dili), a  nùld and env.iroumenta.lly beni~  oxidiz-
ing reagent, avoiding  the need for poiso.uous  transition 
me tais. Our rueiliod in  volves the formation of  an  :imlliüun 
species l  through  a route sinùlar to an oxidati.ve Polo-
novski  transformation4.5  follolh<Ùlg  the  exposure of an 
ami.neto iodobenzene diaceJate. A poteutial mechanism is 
described in Scherue L 
The process was applied to severa! benzylic secoudary 
and tertiary amines to detemline the scope of flle uansfor-
matio.u,  and a SlllllnJalY of representative investigatio.us 
appeaJS in Table L 
lt appears that the process oocurs slowly and in modera.te 
)'ields  \'\'ith unllirulel:ed amines. Ho•a<ever, when a very 
bulky aruiuo segment such as a diisopropylauùne (entries 
la  vs. lf) was used, a clear irup.rovement was observed in 
terrus of  yield and reaction rate (two hours instead of  one 
day). We suppose that :in the p.reseu.ce ofbl.llk:y substitu-
eu.tB, fo!lllation of  the iminium species 3 ruediated by ac-
stNI.EIT10!2, 23,1497-liOO 
.Ad\'ancedonfine publication; 25.05.2012 
DOl 10.1055/s-003 1-1 2.90676; Art ID: S1'-2012-S0193-L 
@Georg Tbiewe Verlag  Slllttg:ut ·New Yo.d: 
etate  ion  attack. oocurs  mainly  at  the  most  accessible 
lbenzylic position without competitio.u from the hindeJed 
terti.al)'  positions  neighboring  the  anunonium  ion.  lt 
should be noted that  the coiJesponding starting amines 
may be easily and efficient! y obtained from their bromo 
derivatives  6 'IISing a simple  s~  transformation in the 
p.reseu.ce of inexpensive  d.iisopropylaruine.6 In additio.u, 
bu !ky segmeo:ts sucb. as these .may be safely used in syn-
flleses  as  an :inert  tl.mctiona.lity compatlble with several 
tr.aditional.lyused transformations (Sebeme 2). 
~Br  A v 
G 
Sc.h•m•! 
To verity this hypothesis, severa! hindered amines 7 were 
oxid.ized to produœ the aldehydes 8; a sununary of  repre-
sentative experiruems appears in  Table 2.7 
UndeJtbeseoonditions, aldehydes were obtlined îa uset\.\1 
to  high  yields  .(50-86%). Au important  aspect  of this 
transformation is the chemoselectivity, whi. ch pennits this 
reactio11 t. o occur îa  the presence ofseveral spectator:fimc-
tiona.li.ties including a free alco:h.ol (fable 2, entty 7). The 
ruetbod was al.so attempted usllig a seoond;:uy metb.yl-:uyl 
amine derivative to pro duce a keto.ue but as e.-<pected with 
flle Polonovsky or Purumerer-B processes, the ketone ad-
duct was not observed,  demonstrating that this ttan.~or-
123 ------- ---------------------------------------------------------------------------------------------------~ 
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T>blol  Synthesis of  Compourub 5 
v~R·  Phi(OAc)o  R•Vo  R'- ~  R2  CHCis.60 ' C  ".-::; 
f'bHCO,  5 
Entry  Time (h)  Yield (%) 




2  b  Br V 
1  :  Mole, 
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O,N  O,N 
50 
4  d  ,JYQFb 
24  _{Jo 
1 
•  JYN~  24  _f)o  H 
Br  Br 
50 
6  I~N~ 
2  1~ 
1 :""  .J.-.. 
l A 
75 
malien ooctlfS sclectively on a priruary center to enable 
almost exclusive foonatienof aldehyde ruoieties. This ob-
serv':ltioo exp1ains whythe reactionis more effe.ctive with 
a hin.defed base such . as  diisoprepylaruiue, wbich aveids 
competition at ether positions dl.lfing inllnililll ion fonn..'l--
tion (Scherue 1). 
T ablo.!  Synthe:>is of  Aldobyd"" 8 
Entry 
2  b 
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T  ab!~ 2  Synthesi< of  Ald~ydes 8 (continued) 
Entzy 
Mild Oxidation ofBenzylic Amines into Aldehydes 
Phi{OAc)o 
CHCls. 60 'C 
NaHCQ,2h 








~0  HO  H 
s  b  M::crNR  1  • 
M  .,.,; 
The reaction was also uudert:Jken usîng~lteruate hyperva-
leut  iodiue  reagents  such as  PIFA  {[bis(trifluoroacet-
oxy)iodo}benzene}  or  Koser's  reagent;9  knov.'ll  to  be 
more.  reactive oxidants. Yields \Vere generally higher with 
DIB, most probably due to the less  acidic  enviro:ument 
generated by acetic  ~cid versus the ttifluoro homologue 
present in PIF  A. However, if  the desired product is com-
patible with the more rigorous conditions of  PIF  A, the de-
sùed aldehyde 10 may be obtained at rootn temperature iu 
83% yield from the second:uy amine 9 (Scheme 3). 
o,t~~~  NHM~ __  Pt _F_ A __  O..,N~HO  v  N~OO.. ,Btl  v 
CHQl_,,r.t. 
P  10  sa~ 
Sche .m~3 
ln cooclusiou, a pr~ctical and mild method to oxidize se-
lectively  hiudered  benzylic  JD.liues  into  aldehydes  has 
been developed. The trausfonn.atiou involves the use of  a 
hypeiValent iodine reagent as an environmentally benigu 
oxidant 1o avoid the need for toxic heavymctals. The pro-
cess occurs efficiently iu  the presence of  severa! spectator 
functionalities including a free alcohol. 
~e-rlme-lltall'l.'{)(t-dure 
To a stù:œdoolutionofamiœ 7  (1 mme!) inCHCI} (4mL)msadd. 
edNaHC03 (92 mg, 1.1 mmol, 1.1 equiv) andPhi(OAc)2(451 mg, 
1.4llliUOl, 1.4 equiv). The solution was stirred at refitllC. (60 "C} for 
2 h, aflerwhich a oolution of  sat aq NH1 Cl \\'liS added. The aq:ueous 
phase \-m ~cted  wilh ~C~  ao.d the combined orgauidayers 
were wasb.ed with brine, dried over  Na-~0.., and conœntrated lllldei: 
.reduced~  Thecrudeproductwaschrolll3.1llgtaphicallypuri-
lied (n-~EtOAc)  to aft'ocd the cocreaponding aldellyde 8. 
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1H  NMR (300 MHz, CDC13) 8 = 7.69 (s,  1H), 7.59-
7.51  (m, IH), 7.29-7.25 (m,  IH), 7.01  (t,J =7.7,  IH), 
3.53 (s, 2H), 2.51 -2.43 (m, 4H), 1.80- 1.71  (m, 4H); 
13C  NMR  (75  MHz,  CDCh)  8  =  141.98,  137.61, 
135.91, 129.95, 128.01, 94.44, 59.98, 54.16, 23.51. 
1H  NMR (300 MHz, CDC13) 8 = 9.21  (s,  1  H), 7.50 (s, 
1H), 7.25  (d, J=7.8,  1H), 7.13  (d, J=7.6,  1H), 6.64-
6.52 (m, 1  H); 
13C NMR (75  MHz, CDCh) 8 =  190.80, 
143.30, 138.56, 138.12, 130.85, 129.02, 94.77. 
1H  NMR (300 MHz, CDC13) 8 = 7.49 (s,  1  H), 7.39 (d, 
J=7.7,  IH), 7.25-7.15 (m, 2H), 3.41  (s, 2H), 2.26 (s, 
6H). 
1H NMR (300 MHz, CDC13) 8 = 9.97 (s,  1  H), 8.02 (t, 
J=l.7, IH), 7.81  (dt,J=7.6, 1.3, 1H), 7.76 (ddd,J=8.0, 
2.0, 1.1, 1  H), 7.43 (t, J=7.8, 1  H). 
1H  NMR (300 MHz, CDC13) 8 = 8.12 - 8.05 (m, 2H), 
7.45 (d, 1=8.7, 2H), 3.50 (s, 2H), 2.78-2.69 (m, 2H), 
1.93  (td, 1=11.6, 2.1, 2H), 1.60- 1.49 (m, 2H), 1.39-
1.10 (m, 3H), 0.86 (d, J=6.2, 3H); 
13C NMR (75 MHz, 
CDCI3)  8  =  147.16,  146.92,  129.35,  123.31 ,  62.51 , 
54.02, 34.29, 30.58, 21.84. 
1H  NMR (300 MHz, CDCh) 8 =  10.16 (s,  1  H), 8.39 
(d,  J=8.4,  2H),  8.07  (d,  J=8.6,  2H); 
13C  NMR (75 
MHz, CDC13) o  =  190.42, 140.24, 130.62, 124.44. 
1H  NMR (300 MHz, CDC13) 8 = 7.67  (d, 1=8.2,  1  H), 
7.36 - 7.27  (m,  1  H),  7.26  - 7.14  (m,  2H),  7.11  (d, 
J=8.2,  1  H), 3.45 (s,  1  H), 2.87 (d, J=11.6, 1  H), 2.58 (d, 
J=6.8,  1H),  1.93  (td, 1=11.7, 2.0, 1H), 1.71  -1.47 (m, 
2H),  1.34 (ddd, 1=14.8, 11.8, 3.8,  1H); 
13C NMR (75 
MHz,  CDCh)  8  =  140.82,  138.48,  137.33,  131.23, 
129.23,  128.27,  125.89,  92.31,  77.58,  77.1 6,  76.74, 
62.86, 53.92, 43.32, 37.97, 32.27. 
1H NMR (300 MHz, CDCI3) 8 = 9.96 (s,  IH), 7.92 (d, 
J=8.2,  2H), 7.59 (d, J=8.3,  2H); 
13C  NMR (75  MHz, 
CDCI3) 8 = 191.68, 138.58, 135.69, 130.95. 1eff~ 
1  ~  ~ 
Br  ~ 
1f  1 
Sb 
I~N~  VA 
r(YCHO 
MeO~ 




7e  1  IN  ~ 
Se  r(YCHO 
D  MeOOC  ~ 
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1H  NMR (300 MHz, CDCh) ô= 7.44 (d, 1=8.3, 2H), 
7.20 (d, 1=8.2, 2H), 3.74 (s, 2H), 2.64-2.51  (rn, 2H), 
1.60- 1.44 (rn, 2H), 0.92 (t, 1=7.4, 3H); 
13C NMR (75 
MHz, CDC13)  ô= 131.56, 129.96, 53.41 , 51.39, 23.28, 
11.89. 
1H  NMR (300 MHz, CDCb) ô= 7.78  (s, 1=8.8,  1H), 
7.55  (d, 1=7.8, 1  H), 7.38 (d, 1=7.7, 1  H), 7.04 (t, 1=7.7, 
1  H), 3.62 (s, 1=8.1, 2H), 3.04 (hept, 1=6.6, 2H),  1.05 
(d,  1=6.6,  12H); 
13C  NMR  (75  MHz,  CDCb)  ô  = 
146.10,  136.87,  135.28,  129.84,  127.09, 94.48, 77.58, 
77.16, 76.74, 48.52, 48.06, 20.89. 
1H NMR (300 MHz, CDCh) ô= 9.88 (s, 1  H), 7.83  (d, 
1=8.8,  2H),  6.99  (d,  1=8.7,  2H),  3.88  (s,  3H); 
13C 
NMR (75  MHz, CDCb) ô= 190.94,  164.73,  132.10, 
130.07, 114.43, 77.58, 77.16, 76.74, 55.70. 
1H NMR (300 MHz, CDCb) ô= 10.08 (s, J=0.4, 1  H), 
7.96 (dd, 1=7.9, 0.9, 1H), 7.88 (dd, 1=7.7, 1.8, 1  H), 
7.47 (t, J=6.9, 1  H), 7.30 (dd, 1=7.7, 1.7, 1  H); 
13C 
NMR(75 MHz, CDCh)ô= 195.91 , 140.80, 135.61 , 
130.42, 128.87. 
1H NMR (300 MHz, CDCI3)  ô= 7.94 (d, 1=8.3, 2H), 
7.43  (d, 1=8.3, 2H),  3.86  (s,  3H), 3.65  (s,  2H), 2.98 
(hept, J=6.6, 2H), 0.99 (d, J=6.6, 12H) ; 
13C NMR (75 
MHz,  CDCb)  ô  =  167.13,  149.19,  129.37,  127.69, 
51.80, 48.93, 48.20, 20.69. 
1H  NMR (300  MHz,  CDCb) ô =  10.09  (s,  1  H), 8.18 
(d, J=8.3, 2H), 7.94  (d, 1=8.4, 2H), 3.95 (s, 3H); 
13C 
NMR (75  MHz,  CDCb)  ô  191.60,  166.26,  139.18, 
135.12, 130.20, 129.51, 77.48, 77.05, 76.63, 52.57. 
1H NMR (300 MHz, CDCI3)  ô = 7.32 (d, 1=7.9, 2H), 
7.12  (d, 1=7.8, 2H), 5.99 (ddt, 1=16.8,  10.0, 6.7,  1H), 
5.14 - 5.04 (rn, 1  H), 3.63 (s, 2H), 3.38 (d, 1=6.6, 2H), 
3.04  (d, 1=6.6, 2H),  1.03  (d, J=6.6,  12H); 
13C  NMR 
(75 MHz, CDCI3)  ô= 140.93, 138.01,  137.91, 128.30, 
128.11 ' 115.63, 48.71 ' 47.90, 40.07, 20.86. 8f  ~ 
OHC~ 
8g~OH 
1  2 
OHC  ,&. 
8h  MeOryCHO 
MeO.JV 
130 
1H NMR (300 MHz, CDC13) ù = 9.88 (s, 1  H), 7.72 (d, 
J=8.0,  2H),  7.26  (d, J=7.0,  2H),  5.86  (ddt,  J=13 .5, 
1  0.5,  6.7,  1  H),  5.09 - 4.93  (rn,  2H),  3.37 (d, J=6.6, 
2H);  13C NMR (75  MHz, CDCh) ù =  192.12, 147.62, 
136.17, 130.13, 129.41, 117.05, 40.44. 
1H  NMR (300 MHz, CDC13) ù = 7.36 (d, J=7.9, 2H), 
7.17  (d, J=7.9, 2H), 3.74-3.58  (rn, 4H), 3.16-2.93 
(rn, 2H), 2.78  - 2.67  (rn,  2H),  1.99 - 1.87  (rn, 2H), 
1.09 (d, J=6.6,  12H); 13C NMR (75  MHz, CDC13) ù = 
139.67,  129.03,  128.00,  127.88,  61.95, 48.54, 47.63, 
34.24, 31.71 , 20.71. 
1H NMR (300 MHz, CDCh) ù = 9.96 (s, 1  H), 7.80 (d, 
J=8.0, 2H), 7.36  (d, J=7.9, 2H), 3.68  (t, J=6.3 , 2H), 
2.83  - 2.76  (rn,  2H),  1.98- 1.86  (rn, 2H);  13C NMR 
(75  MHz, CDC13) ù = 192.08, 149.76, 134.64, 130.04, 
129.17, 77.50, 77.07, 76.65, 61.92, 33.77, 32.34. 
1 H  NMR (300  MHz, CDCh) ù =  9.85  (s,  1  H), 7.46 
(dd,  J=8.2,  1.9,  1  H),  7.41  (d,  J=1.8,  1  H),  6.99  (d, 
J=8.2,  1  H),  3.97  (s, 3H), 3.94 (s, 3H); 
13C NMR (75 
MHz,  CDCh)  ù  =  190.95,  154.53,  149.66,  130.18, 
126.92, Il 0.44, 108.97, 56.22, 56.04. 
1H  NMR (300  MHz, CDC1 3)  ù =  10.13  (s,  1H), 8.73 
(s,  1  H), 8.50  (d, J=8.2, 1  H), 8.24 (d, J=7.6, 1  H), 7.77 
(t, J=7.9, 1  H). 1a 
5a 
CDCI,. 300 MHz 
'---
"''<,'l' 'l'  1  'l'  'l' 
:!~~~  2  'J  'J 
11.5  10.5  9.5  8.5  7.5  7.0  6.5  5.5  ~.5  3,5  2.5  1.5  0.5  -o.5  ·1.5 
fl  Cooml 
COCI,, 75 MHz 
m  m  m  ~ m  ~ œ  ~  rn  œ  m  ~ ~  oo  ro  ~  ~  ~  ~  ~  w  o  ~ 
Il  (ppm) 
131 -1b 
CDCI3, 300 MHz 
' 
Q  .  ., 
132 
9.5  9.0  8.5  8.0  7.5  7.0  6.5  6.0  5.5  5.0  4.5  4.0  3.5  3.0  2.5  2.0  1.5  1.0  0.5  0.0 
fl (ppm) 
5b 
Br~yCHO  v 
COCI,, 300 MHz 
--......J'------....JLJw""'----------------------
.. 0  105  10.0  9.5  9.0  8.5  8.0  7.5  7.0  6.5  6.0  5.5  5.0  4.5  4.0  35  3.0  2.5  2.0  1.5  1.0  os  0.0 
f1 (ppm) 1c  t(Y"'N"'! 
~N~  "A 
CDCI,, 300 MHz 
1 
----.-...J'L--iLJL.I...-"-----------~1 \.......--1 L--_...J  ·~  ~l  "-"---
U  U  U  U  M  W  U  U  U  ~  U  U  U  ~  U  W  U  U  U  U 
fl (ppm) 
COCI,, 75 MHz 
133 5c  (YCHO 
0~~ 
CDCJ,, 300 MHz 
134 





CDCh, 75 MHz 
210  200  190  180  170  160  150  140  130  120  110  100  90  80  70  60  50  ~0  30  20  10  0  ·10 
ft (ppm) 135 
1d 
CDCI,, 300 MHz 
'l'  ?"T'~  'r  'T'  'T'  ':!:'  -r'T' 
~  "'' """: Q  ~  "  ~  ~  N MN  "'  "'  "'  ..,........--, 
9.5  9.0  8.5  8.0  7.5  7.0  6.5  6.0  5.5  5.0  ~ . 5  4.0  3.5  3.0  2..5  2.0  1.5  1.0  0.5  0.0 
fl (ppm) 
1d 
CDCI,, 75 MHz 
1.  ,J.  •  ...  ...  ..  ,,  .,., 
'"  ...  ·· ~  .... .,., 
210  200  190  180  170  160  150  HO  130  120  110  100  90  80  70  60  50  ~0  30  20  10  0  ·10 
fl(ppm) ----- ----------- ------- - - -- - - - ------------- -
Sd  r("y'CHO 
1~ 
CDCI,, 300 MHz 
.1.0  10.5  10.0  9.5  9.0  8.5  8.0  7.5  7.0  6.5  6.0  5.5  s.o  ~ . 5  4.0  3.5  3.0  2.5  2.0  1.5  1.0  0.5  0.0 
f1 (ppm) 
CDCI,, 75MHz 
210  200  190  180  170  160  150  140  130  120  110  100  go  80  70  60  50  40  30  20  10  0  ·10 
f1(ppm) 
136 137 
CDCI,, 300 MHz 
L-J ~ 
'l'  'T' 
~  );l 
1.5  1.0  0.5  0.0 
10 
02N~CHO  v 
CDCI,, 300 MHz 
L _  1 
y  "s?i{  ! 
~  ..; 
t0.5  10.0  9.5  9.0  a.s  a .o  7.5  7.0  6.5  6.0  5.5  5.0  4.5  4.0  3.5  3.0  2.5  2.0  1.5  1.0  0.5  o.o 
f1  (ppm) 9.5 
11 
I~ N~  VA 
...  ?'7' 
oo- ...;..; ..  ; 





CDCI,, 300 MHz 
6.5  6.0  s.s  5.0  4.5 
fl (ppm) 
CDCia, 75 MHz 
1 
170  160  150  1~0  130  120  110  100  w  80 
fl (ppm) 
138 
'l'  'T'  'l' 
:;J  :;J  ::l 
4.0  3.5  3.0  2.5  2.0  1.5  LO  0.5  0.0 
1 
70  60  50  40  30  20  10  0  1 139 
Sf 
I~CHO  v 
CDCI3, 300 MHz 
- - --'  '----------'  i..J  '--.J.i .___,__ ___  ....__ l  ___  .__ __  -"-----'-----'A · '---""' A, __ 
l0,5  10,0  9.5  9.0  8.5  8.0  7.5  7.0  6.5  6.0  5.5  5.0  4.5  4.0  3.5  3.0  2.5  2.0  1.5  1.0  0.5  0,0 
tl  (ppm) 
CDCia, 75MHz 
210  200  190  180  170  160  150  1-40  130  120  110  100  90  80  70  60  50  o40  30  20  10  0  ·10 
fi (ppm) 8b 
r(YCHO 
MaO~ 
CDCI,, 300 MHz 
------~~----------~~-~ -~~ 1 ~~--------------~~ '~------~--~~ J  .. ______  __ 
.1.0  10.5  10.0  9.5  9.0  8.5  S.O  7.5  7.0  6.5  6.0  5.5  5.0  4.5  4.0  3.5  3.0  2.5  2.0  l.S  l.O  0.5  0.0 
f1 (ppm) 
Bb  CHO 
r('y' 
MeO~ 
CDCI,, 75 MHz 
• ll.  Jj,  ,,  ...  ,  . ...  J  .J  .  .. JI . 
."' 
210  lOO  1VO  180  170  160  150  140  130  120  110  100  90  80  70  60  50  ~0  30  20  10  ·10 
fl (ppm) 
140 Bd~ l 
~CHO 
COCI,, 300 MHz 
..  0  10.5  10.0  9.5  9.0  8.5  8.0  7.5  7.0  6.5  6.0  5.5  5.0  4.5  4.0  3.5  3.0  2.5  2.0  1.5  1.0  0.5  0.0 
(1  (pprn) 
~  coa,, 75MHz 
8d (YI I 
c~HO 
J 
210  200  100  180  170  180  150  140  UO  120  110  lOO  90  80  70  80  50  40  30  20  to  o  ·10 
fl (pprn) 
141 142 
CDCI,, 300 MHz 
• r  .,.  !  !  'T'  'l' 
:;J  ~  ~ ~  ~  ~ 
9.5  9.0  8.5  8.0  7.5  7.0  6.5  6.0  5.5  5.0  4.5  4.0  3.5  3.0  2.5  2.0  1.5  1.0  0.5  0.0 
fl(ppm) 
CDCh, 75 MHz 
210  200  190  180  170  160  150  1'10  130  120  110  100  90  80  70  60  50  40  30  20  10  0  ·10 
Il  (ppm) Be  rf"'YCHO 
MeOOC~ 
...  'T' 
Q  Q 
N  N 
CDCI,, 300 MHz 
•  1 
,---r-~---r~-r--·r-~---r~-r--r-~--~---.--~·~--~---r--~·~--~--~--~ 
.1.0  10.5  10.0  9.5  9.0  8.5  8.0  7.5 
Be  0.,-CHO 
MaO  OC~ 
7.0  6.5  6.0  5.5  5.0  4.5  4.0 
f1(ppm) 
CDCI,, 75MHz 
3.5  3.0  2.5  2.0  1.5  1.0  0.5 
210  200  190  100  170  160  150  140  130  120  110  100  90  llO  70  60  50  ~  30  20  10  0  ·10 
fl(ppm) 
143 144 
CDCI,, 300 MHz 
CDCI,, 75MHz 
L  J 
no  200  tllO  190  110  1 00  1!D  140  130  Jlll  110  1 00  ço  so  70  60  so  40  30  lO  1 0  o  -10 COCI,, 300 MHz 
.U  ~  W  U  U  U  U  ~  ~  M  U  U  ~ U  U  ~  ~  U  ~  U  U  M  M 
ft (ppm) 
CDCI,, 75MHz 
"'  L. 
210  200  190  180  170  160  150  lolO  130  120  110  100  90  80  70  60  50  40  30  20  10  0  ·10 
fl (ppm) 





COCI,, 300 MHz 
.1.0  10.5  10.0  9.5  9.0  6.5  8.0  7.5  7.0  6.5  6.0  5.5  5.0  4.5  4.0  3.5  3.0  2.5  2.0  1.5  1.0  0.5  0.0 
fl (ppm) 
Bg  ~/"'.OH 
OHC"~ 
COCI,, 75MHz 





coa,, 300 MHz 
.1,0  10.5  10.0  9.5  9.0  8.5  8.0  7.5  7.0  6.5  6.0  5.5  5,0  4.5  4.0  3.5  3.0  2.5  2 0  1.5  1.0  0.5  0.0 
f1  (ppm) 
Bh 
CDCI,, 75 MHz 
147 ------------- ------- ---- --------- - ---- ----------------------------
RÉFÉRENCES 
1.  Little, D.; Croteau, R., ABB, 2002, Vol 402, pp.  120. 
2.  Johnson, W. S.; DuBois, G. E. J  Am. Chem.  Soc. 1976, 98,  1038. 
3.  Andrez, J. C.; Giroux, M.A.; Canesi, S., Org.  Lett. 2010, 12, 4368. 
4.  Seebach, D., Angew. Chem. !nt.  Ed. 1979, 18, 239; Seebach, D.;  Corey, E., J  Org. 
Chem. 1975, 40, 231 . 
5.  Bérard, D.; Jean, A.; Canesi, S., Tetrabedron Lett. 2007, 48, 8238; Jean, A.; Cantat, 
J.; Bérard, D.; Bouchu, D.; Canesi, S., Org.  Lett. 2007, 9, 2553. 
6.  Dohi, T.; Maruyama, A.; Takenaga, N.;  Senami, K.;  Minamitsuji, Y.; Fujioka, H.; 
Caemmerer, S. B.; Kita, Y., Angew. Chem. !nt. Ed. 2008, 47,3787. 
7.  Akai, S.; Kawashita, N.; Morita, N.; Nakamura, Y.; lio, K.; Kita, Y.,  Heterocycles 
2002, 58, 75; Dohi, T.; Kita, Y., Chem.  Commun. 2009, 2073; Kita, Y.; Takada, T.; 
Gyoten, M.; Tohma, H.; Zenk, M. H.; Eichhorn, J., 1.  Org. Chem. 1996, 61, 5857. 
8.  Arisawa,  M.;  Utsumi,  S.;  Nakajima,  M.;  Ramesh,  N.  G.;  Tohma,  H.;  Kita,  Y., 
Chem.  Commun.  1999,  469;  Kita,  Y.;  Gyoten,  M.;  Ohtsubo,  M.;  Tohma,  H.; 
Takada,  T.,  Chem.  Commun.  1996,  1481;  Kita.,  Y.;  Tohma,  H.;  Hatanaka,  K.; 
Takada, T.; Fujita, S.; Mitoh, S.; Sakurai, H.; Oka, S., J  Am. Chem. Soc. 1994, 116, 
3684; Takada, T.;  Arisawa, M.; Gyoten, M.; Hamada, R.;  Tohma, H.;  Kita, Y, J 
Org. Chem. 1998, 63, 7698. 
9.  Bérard,  D.;  Racicot,  L.;  Sabot,  c.;  Canesi,  S.,  Synlett.  2008,  1076; Canesi,  S.; 
Bouchu, D.; Ciufolini, M. A.,  Angew. Chem.  !nt.  Ed.  2004, 43,  4336; Canesi, S.; 
BOllChu, D.; Ciufolini, M. A., Angew. Chem. 2004, 116,4436. 
10.  Braun,  N.  A.;  Bray,  J.;  Ousmer,  M.;  Peters,  K.;  Peters,  E.  M.;  Bouchu,  D.; 
Ciufolini, M. A., J  Org. Chem.  2000, 65, 4397; Braun, N. A.; Ciufolini, M. A.; 
Peters, K.; Peters, E. M., Tetrahedron Lett. 1998, 39, 4667; Canesi, S.; Belmont, P.; 
Bouchu,  D.;  Rousset,  L.;  Ciufolini,  M.  A.,  Tetrahedron  Lett.  2002,  43,  5193; 
Canesi, S.; Bouchu, D.; Ciufolini, M.  A.,  Org.  Lett. 2005,  7,  175;  Gates,  B.  D.; 
Dalidowicz,  P.; Tebben, A.;  Wang,  S.;  Swenton, J.  S., J  Org. Chem.  1992, 57, 
2135; Liang, H.; Ciufolini, M.  A., J  Org. Chem.  2008, 4299; Mendelsohn, B.  A.; 
Lee, S.; Kim, S.; Teyssier, F.; Aulakh, V. S.; Ciufolini, M. A., Org.  Lett. 2009, 11, 149 
1539; Nicolaou, K. C.; Edmonds, D. J; Li, A.; Tria, G. S., Angew. Chem. 2007, 119, 
4016; Ousmer, M.;  Braun, N. A.;  Bavoux, c.;  Perrin, M.; Ciufolini, M. A, J.  Am. 
Chem. Soc. 2001, 123, 7534; Pouységu, L.; Chassaing, S.; Dejugnac, D.;  Lamidey, 
A. M.; Miqueu, K.;  Sotiropoulos, J M.; Quideau, S., Angew.  Chem. /nt. Ed. 2008, 
47, 3552 ; Pouységu, L.; Marguerlt, M.; Gagnepain, J; Lyvinec, G.; Eatherton, A. J; 
Quideau.  S.,  Org.  Le  tt.  2008, 10,  5211; Quideau,  S.;  Pouységu, L.; Deffieux, D., 
Synlett. 2008, 467; Quideau, S.; Pouységu, L.; Looney, M. A., J Org. Chem. 1998, 
63, 9597; Zhdankin, V. V.; Stang, P. J, Chem. Rev. 2008, 108, 5299. 
11.  Ciufolini,  M.  A.;  Braun,  N.  A.;  Canesi,  S.;  Ousmer,  M.;  Chang,  J.;  Chai,  D., 
Synthesis 2007, 24, 3759 ; Ciufolini, M. A.; Canesi, S.; Ousmer, M.; Braun, N. A., 
Tetrahedron 2006,62, 5318. 
12.  Drutu,  1.;  Njardarson,  J.  T.;  Wood,  J  L.,  Org.  Lett.  2002,  4,  493;  Ozanne-
Beaudenon,  A;  Quideau,  S.,  Angew.  Chem.  !nt.  Ed.  2005,  44,  7065;  Pelter,  A.; 
Drake,  R.  A.,  Tetrahedron  Lett.  1988,  29,  4181;  Quideau,  S.;  Looney,  M.  A.; 
Pouységu,  1.,  Org. Lett.  1999, l,  1651 ; Quideau,  S.; Lyvinec, G.; Marguerit, M.; 
Bathany,  K.;  OzanneBeaudenon,  A.;  Bufeteau,  T;  Cavagnat,  D.;  Chenede,  A., 
Angew.  Chem.  !nt.  Ed.  2009,  48, 4605;  Quideau,  S.;  Pouységu,  1.;  Oxoby,  M.; 
Looney, M. A, Tetrahedron 2001, 57, 319; Scheftler, G.; Seike, H.; Sorensen, E. 1., 
Angew. Chem. !nt. Ed. 2000, 39,4593. 
13.  Giroux, M.  A.; Guérard, K. C.; Beaulieu, M. A.; Sabot, c.; Canesi, S., Eur. J. Org. 
Chem. 2009, 3871. 
14.  Lewis, N.; Wallbank, P., Synthesis 1987, Il 03; Pelter, A.; Elgendy, S., Tetrahedron 
Lett. 1988,29, 677. 
15.  Tamura, Y.; Yakura, T; Haruta, J. 1.; Kita, K., J.  Org.  Chem. 1987, 52, 3927. 
16.  Wells,  G.;  Berry,  1.  M.; Bradshaw, T  D.;  Burger, A. M.;  Seaton, A.; Wang,  B.; 
Westwell, A.  D.; Stevens, M.F. G., J.  Med.  Chem. 2003, 46, 532; Zawada, P. V.; 
Banfield, S. C.; Kerr, M. A., Synlett. 2003, 971. 
17.  Kita, Y.; Tohma, H.; Kikuchi, K.; Iilagaki, M.; Yakuni, T., J.  Org.  Chem. 1991, 56, 
435. 
18.  Lewis, N.; Wallbank, P., Synthesis 1987, 1103; Pelter, A.; Elgendy, S., Tetrahedron 
Lett. 1988, 29, 677. 150 
19.  Tamura, Y.; Yakura, T; Haruta, J.  1.; Kita, K., .!.  Org.  Chem. 1987, 52, 3927. 
20.  Wells, G.;  Berry,  1. M.; Bradshaw, T  D.;  Burger, A.  M.;  Seaton, A.;  Wang,  B.; 
Westwell, A.  D.; Stevens, M. F. G., .!.  Med.  Chem. 2003, 46, 532; Zawada, P. V.; 
Banfield, S. C.; Kerr, M. A., Synlett. 2003, 971. 
21.  Kita, Y.;  Morimoto, K.; Ito, M.; Ogawa, c.; Goto, A.; Dohi, T., .!.  Am. Chem. Soc. 
2009, 131, 1668. 
22.  Prins, R,  .!.  Chem.  Weekblad 1919, 16, 64, 1072. 
23.  (a) Hirst, G. C.; Johnson, T. 0.; Overman, L.  E . .!. Am. Chem. Soc.1993, 115, 2992. 
(b) MacMillan, D.  W.C.; Overman, L. E . .!.  Am.  Chem.Soc. 1995, 117, 10391. (c) 
Lebsack, A.  D.;  Overman, L. E.;  Valentkovitch,R.  J  . .!.  Am.  Chem.  Soc.  2001, 123, 
4851. (d) Lavigne,  R.  M.  A.; Riou,  M.; Girardin, M.;  Morency,  L.;  Barriault, L. 
Org.  Lett.  2005, 7,  5921. (e) Overman, L.  E.; Velthuisen, E. J  . .!.  Org.  Chem. 2006, 
71,  1581. (f) Armstrong, A.; Bhonoah, Y.; Shanahan, S. E . .!.  Org.  Chem. 2007. 
24.  Garcia, P.; Braga, A.; Batista, R., Molecules 2007, 12, 455-483. 
25.  Larry E. Overman, and Lewis D. Pennington.,.!. Org.  Chem. 2003, 68, 7143-7157. 
26.  Polonovski, M. Polonovski, M, Bull. Soc. Chim. Fr. 1927,41, 1190-1208. 
27.  Ahond, A.; Cave, A.; Kan-Fan, C.;  Husson,  H.  P.; De Rostolan, J.;  Potier, P., J. 
Am.Chem. Soc. 1968,90, 5622-5623. 
28.  Cave, A.; Kan-Fan, C.; Potier, P.; Le Men, J., Tetrahedron 1967,23, 4681-4689. 
29.  Ahond, A. C.,  A.;  Kan-Fan, C.; Langlois, Y.  ; Potier, P., Chem.  Commun.  1970, 
517. 
30.  Desjardins, S.; Andrez J.C.; Canesi, S., Organic Lett. 2011, 13, 3406-3409. 
31.  Desjardins, S.; Jacquemot, G.; Canesi, S., Synlett, 2012, 23, 1497-1500. 
32.  Guérard,  K.;  Guérinot,  A.;  Bouchard, A.;  Ménard,  M.A.;  Lepage,  M.;  Beaulieu, 
M.A.; Canesi, S.,.!. Org. Chem, 2012, 77,2121-2133. 
33.  Kim, W.S.; Kim, H.J.; Cho, C.G.,.!. Am. Chem. Soc, 2003, 125, 14288-14291. 
34.  Atkins, G.M.; Burgess, E.M.,.!. Am. Chem. Soc. 1968, 90, 4744-4745. 
35.  Hiroya, K.; lchihashi, Y.; Furutono, A.; Inamoto, K.; Sakamoto, T.; Doi, T.,.!. Org. 
Chem. 2009, 74, 6623-6630. 